OSTEOLOGY OF HAPJ.OGANTIIOSAURUS,* WITH DESCRIPTION OF A 
NEW SPECIES, AND REMARKS ON THE PROBABLE HABITS 
OF THE SAUROPODA AND THE AGE AND ORIGIN 
OF THE ATL.VNTOSAURUS BEDS. 


By J. B. Hatcher. 


The present paper is the third of a series of memoirs based on the fossil verte- 
brata in the eolleetions of the Carnegie Museum. These memoirs, prepared either 
direetly by the eurator of the Department of Vertebrate Paleontology, h}^ his assis 
tants, or others under his general direetion, will eontinue to appear at irregular 
intervals. Their ehief purpose will be to deseribe in detail and to illustrate with 
fidelity some of the more im2:)ortant fossil skeletons in the eolleetions. While in 
every instanee these papers will be based on material belonging to the eolleetions of 
the Carnegie Museum, for the sake of emnpletene.ss, wherever other and supplemen- 
taiy material is aceessible in the eolleetions of other museums it will be utilized and 
the fullest eredit will, in all sueh instances, be given for such favors. The preca¬ 
rious conditions attending the preservation, fossilization, and final recovery of the 
skeletons of extinct vertebrates have necessarily been such as to render the occur¬ 
rence of really complete skeletons conspicuously rare. This is especially true of the 
gigantic Sauropoda, and notwithstanding the vciy large collections in several of our 
leading museums, it is still possible to determine anything like the complete oste¬ 
ology'' of the different genera only by selecting the best preserved skeleton of each as 
a basis and supplementing this from material pertaining to the same genus but to 
other skeletons and belonging to the same or other museums. Owing to the cordial 
relations at present existing between the various museums of this country, aided by 
^Proc. Biol. Soc. Wash., Vol. XYL, 1903, pp. 1 and 2, and p. 100. 
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the exceptional energy with which a few institutions are increasing their collections 
our knowledge of the structure and relations of a considerable number of known 
dinosaurian genera has been materially increased during the past few years, while 
occasional discoi'eries of entirel}" new forms have been announced. 

It appears somewhat remarkable however that a Sauropod dinosaur of such 
gigantic size and showing such distinctive generic characters as does Haplocardho- 
saurm should have been discovered so recently at the exact locality, near Canyon 
City, Colorado, so long worked and rendered classic by the researches of the late 
Professor Othniel Charles Marsh. This discoveiy may be taken as an indication not 
only of the great wealth of this particular locality in the remains of the Dinosauria 
but of the great diversity that existed in the reptilian life of this region in .Jurassic 
times. For since this single bone quany, restricted in area to a few hundred square 
feet and with the bone-bearing horizon not more than three feet thick verticalh', has 
already' produced representatives of at least a dozen genera and species and twice or 
thrice that number of individual skeletons it Avould seem difficult to oi^erestimate the 
wealth of the reptilian fauna of this region in Jurassic times or to exaggerate the 
total number of genera and species that must have existed throughout the period of 
time required for the deposition of the several hundred feet of sandstones and shales 
that here constitute that formation and imbedded within which we may still hope 
to find remains of additional genera and species pertaining to that peculiar but long 
since extinct group, the Dinosauria. 

For the material upon which the present paper is based we are indebted first 
of all to the generosit}^ of Mr. Andrew Carnegie whose munificence made it 
possible to carry on the excavations necessary for its recoi^ery. To the skill, 
energy and patience however of Mr. AV. H. Utterback w^e are directly indebted 
for its recovery from the hard, almost granitic sandstones in which the bones 
lay buried beneath many feet of other sandstones and shales only a little less refrac¬ 
tory than those actually containing the fossils. After these superincumbent sand¬ 
stones and shales had been removed over a considerable area the actual and more 
difficult work of developing and recovering the fossil bones was begun. These, as 
has been stated above, lay buried in a thick stratum of heavily bedded and hard 
sandstone. Not only was this sandstone for the most part extremely hard but it 
was also considerably fractured in such manner as greatly to increase the difficulty 
encountered in taking up the bones in a proper manner. All difficulties were how¬ 
ever met and overcome by Mr. Utterback with commendable patience and inge¬ 
nuity, and the different blocks were received at the paleontological laboratory of the 
museum with all the vertebrie and other bones in each block still in their original 
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positions relative to one another. While aided by diagrams of the quarry, repro- 
dueed here in Figs. 1 and 2 , and the proper marking of each bloek as it Avas taken 
up, it is now easily possible to assign tlie different bloeks to their proper position in 
the quarry and thus to determine with accuraey the relative positions of all the 
different bones as they lay imbedded in the rock. 

In the laboratory the bones have been veiy earefully and skillfull}^ freed from 
the matrix under the direetion of iMr. Arthur S. Coggeshall as Chief Pi'eparator 
assisted by iNIessre. W. II. Utterl)ack. L. S. Coggeshall and A. W. \binKirk. 

Wlien freed fj'oin the matrix tlie bones Avere all faithfully draAvn by Mr S3'dne3' 
Prentiee, draughtsman in the Paleontological Department of this IMuseum. 

The tA'pe No. 572 of the present genus eonsists of the two posterior cerAncals, 
ten dorsals, five saerals, nineteen eaudals, both ilia, isehia and pubes, tAVo cheAU'ons, 
a femur and a nearly eomplete series of ribs, all in an excellent state of preservation 
and pertaining to an individual full 3 ' adult as is shown b37 the coossified neural 
spines and centra. 

P0.SITION OF THE DiFFEFvENT BoNKS AS TIIPIV Lay LAIl!El>l)En IX THE QuAIUiV. 

'I'he pelvis, sacrum, left femur and nineteen anterior eaudals Avere the first por¬ 
tions of the skeleton discovered. They lay in the position shoAvn at A. 572 in the 
diagrams of the quarry shoAvn in Figs. 1 and 2. The ilia, isehia and pubes still oe- 
cupied approximatel 3 ^ their normal positions relative to the sacrum, and the femur 
was directed baekAvard and doAvnAvard, Avith the head I’emoved about tAvo feet from 
the aeetabulum. The anterior eaudal Avas displaced from its normal position rela- 
tiA^e to the distal extremity of the saerum, but the succeeding eighteen eaudals Avere 
interlocked by their Z 3 'gapophyses. The tAvo chevrons lay as shoAvn in the diagram, 
approximately in position, Avith eaudals eight and thirteen. I personally assisted 
in taking up this portion of the skeleton and am therefore someAvhat familiar Avith 
its a[)pearance as it lay in the C|uarry. 

At a distance of about tAvehm feet but on the same Ica'cI as the pelvis and bones 
aboA'e mentioned, Avere found the nine posterior dorsal A'ertel)rie shoAvn at B. 572 in 
the diagrams of the quariy. These Avere all interlocked by the z 3 "gapoph 3 ^ses and most 
of the ribs Avere still in place. The last of this series agrees A'ery Avell in size and 
general appearanee Avith the first saeral of the series found at *1. 572, and there Avould 
seem no good reason for assuming that the tAvo series pei'tain to other than one and 
the same skeleton, though, of course, tliis cannot be absolutel3" demonstrated, but 
the characters exhibited Ija’ the tAvo series demonstrate that tliCA’ pertain to the same 
s|)ecies at least and I have little doubt but that the 3 ' belong to the same individual. 
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the ninth from the posterior of this series of vertebrae there was an interrup¬ 
tion, and the three vertebra3 shown at C\ 572 were found closely adjacent to the an- 



Fig. 1. Diagram of west eud of that portion of bone qnairy near Canyon Cily, Colo., worked by W. 
H. Utterback, showing the positions in which the types of Haplocanthosaurus prisci/s (No. 572, A, C) 
and n. utterhackii (No. 879) were found. The shaded bones pertain to a different genus. A. 572 femur, 
pelvis, sacrum and nineteen anterior caudals ; B. 572 nine posterior dorsals ; C. 572 first dorsal and last 
two cervicals. 

terior of the nine dorsals mentioned. These three vertebra3 were interlocked by their 
zygapophy.ses and consist of the first dorsal and tlie last two ccrvicals. They evi- 
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clently pertain to the same series as tlie nine dorsals and the differences in the spines, 
positions of the rib facets, etc., demonstrate that a number of dorsals are missing 
between this first dorsal and the anterior of the series of nine posterior dorsals; 
while the remains of a second skeleton i^ertaining to a different species of the 
same genus fixes the number of missing dorsals at four. This would place the num¬ 
ber of free dorsals in tbe present genus and species at fourteen instead of ten, the 
probable number in Diplodocus and Morosaums. It is possible, lioweA^er, that in the 
Dinosauiia the number of dorsals may vary in different indi\’iduals Avithin the same 
species as is well known to be the case in numei'ous instances in the Mammalia. 

'i'he bones within the dotted lines in the upper left-hand corner of the first dia¬ 
gram (Fig. 1 ) for the most part pertain to and constitute the type of a new species 
of Hdplocanthosrmrus, which will be described later in this paper. The shaded bones 



Fig. 2. — Diagram of that portion of bone quarry near Canyon City, Colo., Avorked by Mr. W. H. 
Utterback for Carnegie Museum. The lower irregular line shoAVs limit to Avhich quarry had been worked 
by the late M. P. Felch for Profe.ssor Marsh. 


within the dotted lines and the scapula and coracoid beneath pertain to one or more 
genera different from Hdphicanthomarus. The relative positions of these bones as 
they la}' imbedded in the sandstones are well shown in the diagrams and will be re¬ 
ferred to in detail, when we come to desciibe the species of which they form the type. 

The quarry from whicli tliese remains were recovered is the one long worked by 
Professor Mar.sh. It is situated on the west side of Oil Creek (Four AUle Creek) at 
the entrance to Garden Park and some nine or ten miles east by north of Canyon 
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City, Colorado. The horizon is in the Jnrassie^ and some 100 to 150 feet aboA^e 
the summit of the red Triassie? sandstones. It is 1 believe a decidedly loAver hori¬ 
zon than the dinosaur beds near Morrison, Colo. ; Como, Little INIedieine Boav and 
Sheep Creeks, Wyoming or IMedmont, South Dakota. 

In the diagram of the quarry shown in Fig. 2 the bottom line shows the limit to 
whieh the quarry had been worked by Professor Marsh while the area aboA^e this 
line is that AA’orked by iMr. Utterbaek for the Carnegie IMuseum. 

Description of the Type (No. 572) of Haplocantiiosaurus Priscus. 

The VeHehric. 

The Cervicah (Plate 1., Figs. C 15 and 14). —Only the last two eei'vieals AA^ere re- 
coA'ered. Fortunately these, together Avith the first dorsal, Avere still interloeked by 
their zygapophyses and thus the actual position of these three vertebrm in the A"er- 
tebral column can be definitely determined. They AA'ere someAvhat erushed and 
distorted, but considering the hard and fraetiirod nature of the sandstone in Avhich 
they AA'ere imbedded they are in a A'ery good state of preservation and remarkably 
eomplete. These A'^ertebrie are rather low, broad and short for the posterior eervi- 
cals of a Sauropod dinosaur of sueh dimensions as is indicated by the remains of 
the present skeleton and suggest a reptile Avith a neek AAdiieh, though, of moderate 
length, AA'as deeidedly more abbreviated than Avas that of Diplodocus, a contempora¬ 
neous but more highly speeialized Sauropod. 

The Fourteenth i! Cervical (Plate I., Fig. G 14). —Assuming that there Avere the 
same number of vertebne in the eervical series of Haploeanthosaurus as in Diplo- 
docns, the first of the series of vertebrie noAv under eonsideration Avould correspond 
to the fourteenth eervical. It is not improbable, hoAvever, that the number of eer- 
A’icals in the present genus aatvs less than in Diplodocm. Henee, I haA^e interrogated 
the numerieal position of this A'ertebra in the eerAUcal series, although as already 
stated, there can be no doubt of its being the last but one of that series. 

The centrum is strongly opisthoeoelous and Avith the transverse diameter exeeed- 
iug the A'ertieal, though these dimensions have doubtless been someAA'hat altered by 
pressure. The sides of the eentrum are invaded by long and deep pleuroeentral 
cavities® separated only by a thin median septum. These eavities are extended for- 
AA'ard into the base of the ball of the centrum Avhile posteriorly they are only sepa¬ 
rated by a thin plate of bone from the cavity for the ball of the sueceediug A^ertebra. 

^ By some considered as Lower Cretaceous. 

^For an explanation of the names applied to ihe vai*ious eavities, lamime, etc. of the Sauropod ver- 
tebne, see the author’s ])aper on Diplodocus, Mem. Car. Mus., Yol. I., No. 1, pp. 16-19. 
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In this manner the centrum of the vertebra is reduced to superior and inferior hori¬ 
zontal plates united by a vertical median septum or plate. i\t the posterior ex¬ 
tremity these plates expand into a deeply excavated disk which forms the cup for 
the succeeding vertebra while at the anterior extremit}' they unite to form the ball 
of the centrum. A cross-section of the centrum midway between the anterior and 
posterior extremities is irregularly I-shaped and somewhat suggestive of that of an 
I beam in structural materials. The infeiior surface of the centrum is broad and 
flat, much expanded postenorly and moderately expanded anteriorly where at a 
point a little back of the ball it gives rise to the cervical rib. The cervical rib is 
firmly coossified both with the centrum below, through the intejinedium of a para- 
pophysis, and with the diapophysis above. There is a short anterior branch of the 
cervical rib and a longer posterior one. The latter stops short of the posterior ex¬ 
tremity of the centrum. It is proportionately broader and stronger than in Diplo- 
docus carnegii but decidedly shorter and less robust than in Brontosaurus excelsus. 

Seen in front this vertebra appears rather low, with broadly expanded cervical 
ribs and prez3’'ga.pophyses. There is a single supraprezygapophysial cavity and two 
infraprezygapophysial cavities separated by a median se])tum formed by the union 
of the horizontal laminm of opposite sides and suppoited below by the superior wall 
of the neural canal. In the vertebra under consideration the greater portion of this 
septum has been lost. It is restored in plaster, and in the drawings the restored 
parts are indicated by broken lines in the shading. As shown in the drawings the 
neural spine is also absolutely simple instead of deeply bifurcated as are the spines 
of the vertebras of this region in all other known genera of Sauropod dinosaurs 
wherever it has been possible to determine their character. The neural canal is 
rather lai’ge as compared with that in Diplodocus. 

Seen from the rear the neural canal is nearly circular and appears as if sunk into 
the superior surface of the centrum. The postzygapoph 3 'sial larninre each send for¬ 
ward a broad thin plate. These unite with the neural spine and enclose a very deep 
suprapostzygapoply'sial cavit^Mvliile below as in front there are two small but deep 
infrapostzj^gapoph^'sial caA’ities separated Vy a median se[)tum. 

The diapophyses are onl}' inoderatel}' expanded and tlie}' are braced antero- 
posteriorl}^ by the horizontal laminre and inferiorlv by the inferior branches of the 
diapoph 3 'sial lamiine which are veiy short anil almost perpendicular. There is no 
superior branch of the diapophvsial lamina. Tlie posterioi’ Vmnich of the horizontal 
lamina runs oblicpiel 3 ^ upward and backward from the diapoph 3 ^sis to the posterior 
Z3'^gapoph3'sis, thus giving additional support to the latter element. Another lamina, 
horizontal in position but homologous with one of the oblique laniinre, runs directl 3 ^ 
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backward from the diapophysis nearly to the posterior border of the centrum. 
Tliere are deep and well-defined post-, pre-, supra- and infradiapophysial cavities. 

The Fifteenth f or last Cerriml (Plate I., Fig. C 15). — This vertebra differs from 
the one preceding it in being a little shorter and with more widely expanded neu¬ 
ral spine and cervical ribs. The pleurocentral cavity is less extended posteriori}" 
than in the [ireceding cervical and its bottom is interi'upted by an oblique and an 
intersecting lamina. There is a shallow infracentral cavity on either side of the 
median line on the inferior surface near the anterior end of the centrum. There is 
a single infraprezygapophysial cavity. The neural spine is absolutely simple as in 
the preceding cervical. The postzygapophyses are higher and the posterior branch 
of the horizontal lamina consequently more nearly vertical than in the preceding 
vertebra. The anterior branch of the horizontal lamina has the margin somewhat 
expanded as shown in Plate I., Fig. C 15, indicating that this vertebra gave some 
support to the scapula. 

The First Dorsal (Plate I., Fig. 1). — Fortunately as has already been stated this 
vertebra and the two preceding were still closely interlocked by their zygapophyses 
when discovered in the quarry. They were taken up iii a single block of the enclos¬ 
ing sandstone and were received at the museum still occup 3 uug their original posi¬ 
tions relative to one another. In consideration of these facts there can be no ques¬ 
tion regarding the exact position of these three vertebnu in the vertebral column. 
That the vertebra now under consideration was a dorsal is conclusively shown not 
b}'^ the presence of tubercular and capitular rib facets showing that it supported on 
either side a free rib, for there are in our collections of sauropods, skeletons of other 
dinosaurs fully adult but, with the posterior cervical, bearing free cervical ribs 
articulating by both tubercular and capitular facets as do the ribs of the dorsal re¬ 
gion. The character in this A"ertebra distinguishing it as a dorsal is the broadly ex¬ 
panded external border of the anterior branch of the horizontal lamina. This ele¬ 
ment has been thus modified in this and the succeeding dorsal, no doubt, as is 
known to be the case in Diplodocus to give greater surface for the attachment of the 
powerful muscles necessary for the support of the scapula. That this was the first 
and not the similarly modified second dorsal is conclusively demonstrated b}^ the 
fact that it was found interlocked by its zygapophyses with the last cervical. 

This vertebra is e.ssentially complete, although the form of the centrum has been 
considerably altered by crushing. In the accompanying drawings this distortion 
has been eliminated as much as possible. The length of the centrum is noticeably 
less than that of the last cervical and the antero-posterior diameter of the pleuro¬ 
central cavity is greatly shortened. The floor of this cavity is interrupted by neither 
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oblique nor intersecting laminae. There is no infracentral cavity. The capitulai’ 
rib facet is nearly circular and slightly pedunculate. Its position is beneath the 
anterior border of the pleurocentral cavity. 

The neural arch is decidedly higher than in the posterior cervicals. The dia- 
popliyses are more widely expanded and support at their exti'emities small triangular 
tubercular rib facets which face outward and a little downward. These rib facets 
are not pendant as they are in this and the two succeeding dorsals in Diplodocus. 
The anterior and posterior zygapophyses are both somewhat more elevated than the 
diapophyses and they are supported laterally by the anterior and posterior blades 
of the horizontal lamiiifc which are subequal and unite at an obtuse angle to form 
and give support to the transverse process or diapoph 3 'sis. Throughout about two 
thirds of its length the external margin of the anterior blade of the horizontal lamina 
presents a greatl}' expanded rugose surface, which no doubt served for the muscular 
attachment of the scapula. From below, the transverse process is supported by the 
short, rather slender inferior blade or branch of the diapophysial lamina which runs 
obliquely downward and forward to unite with the superior branch of the prezyga- 
pophysial lamina, Avhile an extended and powerful oblique lamina runs obliquely 
downward and backward, uniting with the lateral wall of the neural arch and giv¬ 
ing additional support to the transverse process. The pre-, infra- and postdiapo- 
physial cavities are all deep and well enclosed, while the supradiapoi:)hysial cavity 
is shallow and left open anteriorly. 

Seen from in front this vertebra appeal’s low with the transverse processes, zj’ga- 
pophyses and neural spine greatly expanded. The neural spine is low and extremely 
broad. The apex on one side is injured. It is quite simple, not at all bifurcated 
and with a broad, rugose, median Surface. The anterior aspect of the spine is strongly 
convex transver.sely throughout its entire length. The articular surfaces of the an¬ 
terior zygapoph^'^ses are elliptical in outline, with the transverse diameter the greater. 
Between the anterior z^'^gapophyses there extends a thin lamina having the appear¬ 
ance of a broad shelf or platform. Inferiorly the z}''gapophyses are supported by 
the powerful inferior branches of the prezygapophysial laminpe while the superior 
branches of these lamime are rudimentary. The infraz 3 ^gapophysial cavity is deep 
and simple, the supra- is quite shallow. 

Posteriorly there is a deep cup on the centrum for the reception of the ball of 
the succeeding vertebra. The articular surface of the posterior zygapophysis faces 
downward and outward. 

The postz 3 'gapophysial laminae are branched, the internal and smaller of these 
branches from the z 3 ’gapophyses of the opposite sides meet in the middle line and 


10 


MEMOIRS OF THE CARNEGIE MUSEUM 


form a M'idely open A". The supra- and infrapostzygapophysial cavities are very 
deep and at the bottom the latter is subdivided into three unequal pockets by two 
short, delicate laminae. On the posterior surface of the neural spine there is a 
median rugose surfice suggestive perhaps of a postspinal lamina. 

As has already been remarked, the series of vertebrae was interrupted at the 
first domal and a number of the succeeding vertebrae are missing from the series. 
I have estimated the number of missing dorsals at four, the second, third, fourth 
and fifth. If this estimate is coivect, and there are many reasons for believing that 
it is, as will appear later, the first dorsal of the series of nine mentioned above as 

pertaining to this skeleton wnuld be the sixth of 
the dorsal series. That these two series of verte¬ 
brae . pertained to one and the same skeleton is 
demonstrated beyond the possibility of a reason¬ 
able doubt, not alone by their proximity to one 
another in tlie ciuarry where they lay imbedded in 
the sandstone as shown in Figs. 1 and 2 at B. 572 
and C. 572, but b}’’ the relative sizes of the verte¬ 
bra;, their color and texture and the entirely closed 
sutures of the neural arches, indicating in each in¬ 
stance an animal of identically the same age. 

Figs. 3 and 4 are side views respectively of the 
supposed sixth and the first dorsal. They are intro¬ 
duced here for direct comparison with one another 
and to show the great disparity in structure exist¬ 
ing between these two vertebrae. These differences 
become more apparent after an examination of 
plate A, where posterior and anterior views of the 
same vertebne are also given. 

The greatest structural differences exhibited in 
tliese two vertebra3 are to be found in the relative 
height of the neural arches, the form and position 
of the capitular rib facets, the form and positions of 
the transveree processes and the height and form of the neural spine. All these and 
many other differences of only less importance will become apparent as v'e describe 
the sixth dorsal in detail. 

Sii-fJi f Dorsal (Plate I., Fig. 6). — This vertebra is complete save a small 
part of the anterior end of the centrum and a portion of the upper part of the 



Fig. 3. Fig. 4. 


Fig. 3. Sixth (?) dorsal of type of 
Haplocanthosaurus priscus (No. 572) 
seen from right side, yV natural size, 
pzly postzygapophysial lamina ; /t/, 

horizontal lamina ; ol, oblique lamina. 

Fig. 4. First dorsal of same, same 
view ) ol, oblique lamina ; aZ, inferior 
blade of diapophysial lamina ; /, tuber¬ 
cular rib facet; c, capitular rib facet ; 
S, surface for muscular attachment of 
scapula, yV natural size. 
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neural spine. 'Phe entire length of the spine is represented, but the margins, except 
the posterior, are weathered away and have been restored in plaster. It thus 
happens that the drawing represents the top of the spine less complete than it 
actually is. 

The centrum was opisthocoelous with the cup moderately deep and the ball at the 
anterior extremity rather more convex than represented in the drawings It is con¬ 
stricted medially, both latei’ally and inferiorly, and the inferior surface presents a 
bnjad median longitudinal ridge. There are no infracentral cavities. The pleuro- 
ceutral cavities are large, irregularly triangular in outline and very deep, with the 
dividing median septum reducetl to a thin lamina. 

'Phc neural arch is high, much constricted transversely and much shorter antero- 
posteriorly than the centrum. On the anteilor lateral margin of either side it sup¬ 
ports an elongated, sessile, capitular rib facet situated midway between the anterior 
zygapophyses and the superior border of the centrum. This facet is quite unlike 
that of the succeeding dorsals, it is very distinctive and is most like that of the sixth 
dorsal in H. lUterhacJcii to be described later, as compare Plates 1. and II. 

The ti’ans\’erse processes are high and directed obliquely upward and outward at 
an angle of about forty-five degrees. At their extremities they bear tubercular rib 
facets which face outwai’d and a little upward. Inferiorly the transverse process is 
su])ported by a powerful lamina arising from the posteroexternal border t)f the 
neural arch and forming the greater portion of the broad posterior surface of the 
transverse process. Although this lamina occupies a position identical with that of 
the inferior blade of the diapophi/sial lamina in the corresponding dorsal of Diplo- 
flocus, ne\’ertheless it is clearly homologous with the oblique lamiwi of the first doi'sal 
of this skeleton. In this vertebra the diapophysial lamina, only the inferior branch 
of which is represented in the last cervical and first dorsal described above, has be¬ 
come quite obsolete. There is, in Haplocanfhosaums, no division of the anterior 
blade of the horizontal lamina into superior and inferior branches such as has been 
shown to be the case in the anterior dorsals of Diplodocim carnegii. This fact at 
once distinguishes that lamina marked al and dl, in tlie first dorsal and last cervi¬ 
cal as the diapophysial and that marked ol, as an oblique lamina, though in no 
sense to l)e considered as homologous with the oblique lamina that in the middor¬ 
sals of Diplodocim raniegii gives support posteriorly and inferiorly to the capitular 
rib facet. 

'J'he anterior blade of the horizontal lamina is long and bi’oad, the posterior 
short and narrow. There is a short and narrow superior blade of the diapophysial 
lamina invading the bottom of the deep supradiapophysial cavity shown at dl, in 


12 


MEMOIRS OP THE CARNEGIE MUSEUM 


Plate I., f^ig. 6, second column, and a little anterior to this is a second lamina at, 
which may be an anterior branch of the superior blade of the diapophysial lamina, 
but which is interpreted as a branch of the prespinal. 

Although the transverse process appears massive it is I’eally very light and thin, 
and save toward the base it is made up entirely of the anterior l)lade of the hori¬ 
zontal lamina and the oblique lamina. These two lamime meet at nearly right 
angles so as to enclose a very deep trough 'which opens downward, forward and 
outward and is confluent 'with the very deep infradiapophysial cavity. There is no 
prediapophysial cavity and the postdiapoph 3 'sial cavity is very shallow and incon¬ 
spicuous. 

Seen from in front, the neural arch appears high and constricted just beneath 
the capitular rib facets but expanded in the region of the superior border of those 
surfaces. The anterior z^^gapophyses are ele^mted and have the articular surfaces 
elongated transversel}'^ and abbreviated antero-posteriorly. Beneath the anterior 
z 3 '^gapoph 3 ’^ses there is a deep infraprez 3 ’^gapoph 3 'sial cavity confluent with a deep 
trough into Avhich the neural canal opens. The supraprez 3 'gapoph 3 ^sial cavit 3 ' is 
shallow and separated from the one below by a short, stout, transverse plate which 
gives support superiorly to the lateral borders of the neural arch. In cross-section 
the neural spine is triangular with the apex of the triangle directed forward and 
forming the rather broad and rugose prespinal surface. 

Seen from behind, the neural spine is broad and rugose, though much narrower 
than in the first dorsal. This is due to the greater development of the superior 
blades of the postzygapoph 3 ^sial laniime, which are thin and expanded and con¬ 
tinue to the summit of the neural spine,. There are shallow supra- and infraz 3 ^ga- 
poifli 3 'sial cavities and the latter is much elongated and inclosed laterall 3 ^ b 3 ' the 
inferior blades of the postz37gapophysial laniime. These give support inferiorl 3 ^ to 
a well-formed h 3 ^posphenal process developed on this and the succeeding dorsals 
showing that in addition to the ordinaiy zygapoph 3 'sial articulation of the preced¬ 
ing vertebrse the dorsals of this region had a h 3 'posphene-hypantrun) articulation. 

Dorsals Seven? to Fourteenf Inclusive (Plate I., Figs. 7-14). — After the above 
rather tedious detailed description of the posterior cervicals and dorsals one and six?, 
the succeeding dorsals ma 3 '^ best be desciibed together. Since, in their more impor¬ 
tant and general characters, the 3 ' agree veiy well both with one another and with 
the supposed sixth dorsal just described, the following description may very well be 
limited to a general reference to those characters wherein the 3 ' all agree, followed b 3 ' 
a special reference to the more important distinctive characters of each, wherever 
such exist. As alread 3 ' stated, these vertebrie, together with the one last described 
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when discovered in the quarry near Canyon City, Colorado, were all closely inter¬ 
locked by their zygapophyses. They were taken up in a single block of matrix 
and were received at the museum still imbedded in the sandstone and in their 
exact original position relative to one another. Thus whatever question there may 
be regarding their position relative to the last cervical, there can be absolutely no 
question regarding their position relative to each other, while the same can be said 
with only a little less certainty regarding their position in relation to the sacrum, 
for the supposed fourteenth or last of this series, although removed some ten feet 
from tlie sacrum, agi’ees very well in size with the first sacral and has the posterior 
extremity modified for articulation with that vertebra. There can be no reasonable 
doubt but that these dorsals and cervicals formed part of the same skeleton as that 
to which belonged the pelvis and caudals shown in Plates III., IV., V., and the femur 
shown in text Fig. 14. 

In the dorsals now under consideration, the centra are comparatively small, con¬ 
stricted medially, opisthocoelous throughout, though less decidedly so in the posterior 
region. The}^ are subequal in length, with those of the posterior region a little 
shorter than those of the anterior. The pleurocentral cavities are deep and sub- 
equal in area. They are all irregularly ovate in outline with the broader end di¬ 
rected anteriorly. The neural arches are high and the neural spines short and stout. 
There is a striking contrast in the proportionate length of the neural spines and 
height of the neural arches in the dorsals of Haplocanthosaurus when compared with 
those elements in the same vertebree of any other genus of Sauropod dinosaur known 
to the present writer. This contrast is especially noticeable in Diplodocus and Bron¬ 
tosaurus but is less marked in Morosaurus. The capitular facets are somewhat 
pedunculate and gradually assume a more elevated position in the anterior dorsals 
until the eighth is reached when they attain an elevation equal to that of the an¬ 
terior zygapophyses. In the eighth and succeeding dorsals their position remains 
conshint. The transverse processes throughout the entire series of vertebrae now 
under consideration are subequal in length and are directed upward and outward 
at an angle of about forty-five degrees. The transverse processes of the posterior dor¬ 
sals are somewhat more slender than are those of the anterior dorsals. Commenc¬ 
ing with the eighth dorsal the superior blade of the diapophysial lamina becomes 
very well developed and in this and the succeeding vertebra it unites, about mid¬ 
way up the spine, with the superior blade of the postzygapophysial lamina to form 
a single lamina giring lateral support to the neural spine. The posterior position 
of the extremity of the transverse process in the eighth dorsal as shown in Plate L, 
Fig. 8, is due to distortion and is not the normal position of that element. In the 
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seventh and succeeding dorsals the antero-posterior diameter of the neural spines 
exceeds the ti’ansverse and the extremities of all these vertebrse are somewhat ex¬ 
panded and rugose. All the dorsals of this I’egion exhibit the hyposphene-hypan- 
trum articulation. 

The Sacrum (Plates IV. and V.). — In the present skeleton as in all other full}^ 
adult Sauropod dinosaurs to whatsoever known genus or species they may pertain, 
there are five vertebrae, coossified by their centra and functioning as sacrals by giv¬ 
ing support to the ilia either by means of so-called sacral ribs or transverse processes 
or b}' both these elements. Whether or not all five of these vertebral should be re¬ 
garded as true sacrals must remain very largely a matter of individual opinion. 
This matter has already been discussed at some length by the present writer in hi.=: 
paper on Diplodocas which formed the first of a series of memoirs, which will con¬ 
tinue to appear from time to time relating to the dinosaur remains in the collections 
of this museum. 

Whether the number of true sacrals in the Sauropoda be fii^e or less it is evident 
that in those genera of American Sauropods where the complete sacrum is known, 
namel}", Diplodocm, Brontosaxmis, Morosaurus and Haplocanthmaurus, the number 
of vertebne functioning as sacrals, that is giving support to the ilia, is constant and 
is in no sense different in or diagnostic of the several genera as was supposed by the 
late Professor Marsh. It frequently happens in the case of isolated sacra pertaining 
to young individuals that one or two of the functional sacrals through not having 
been firmly co6.ssified ivith the three vertebrae which, according to the present 
writer’s opinion, constitute the true sacrals, have become detached and lost and in 
this manner the number of functional sacrals has been mistakenly reduced to either 
three or four according as the number of detached vertebrae was one or two. By an 
unfortunate circumstance this proved to be the case with the sacra of Diplodocus 
and Morosaurus first discovered and described by ]\Iarsh. The sacrum of the first 
of these genera was found detached and consisted of three coossified centra, while in 
that of the second (the type of M. grandis) there were four coossified centra From 
these circumstances Professor Marsh quite naturally concluded that the number of 
functional sacrals in these genera was respectively three for the former and four for 
the latter and proceeded to make those numbers diagnostic of the genera and fam¬ 
ilies to which they pertained. Subsequent discovery of more complete material has 
demonstrated beyond a doubt the number of functional sacrals to be five in each of 
these genera as in Brontosaurus. The fragmentary sacra of Apatosaurus and Atlanto- 
saurus figured by INIarsh are evidently incapable of furnishing any definite proof as 
to the exact number of sacrals in those genera, which should they finally proi'e to 
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Ije valid will doubtless also be found to be pi'ovided with five functional sacrals. 
d'he same remark also applies to the recentl}^ described genus Bmchiosaurus of 
Riggs. On the other hand it sometimes happens in the skeletons of very old indi¬ 
viduals that an anterior caudal or posterior doi’sal l)ecomes coossified with the 
functional sacrals. As an e.vample of the latter the sacrum of the type of Bronto- 
ifaurus excelsus Marsh may be cited. In such instances howe\'er there is no danger 
of misinterpreting the additional vertebne since they never bear so-called sacral ribs 
ribs or gi\'e any support to the ilia. 

Tlie sacrum in the present genus and species may be described in general as be¬ 
ing broad, low, with short neural spines and consisting of five vertebrte with 
subequal, coossified centra. All five of these vertebne l)ear parapt)ph 3 "ses (sacral 
ribs) and give support to the ilia through the intermedium of these and the dia- 
pophj'ses. The parapoph 3 ’'ses of the three median or true sacrals expand distally 
and unite to form the iiinei" superior border of the acetabulum as is well shown in 
Plate V., Fig. 1. 

Seen from below (Plate P., Fig. 1) the sacral centra appear subequal in length, 
with the transverse diameter of the first and last exceeding that of either of the 
three median or true sacrals. All five of these vertebne bear so-called sacral ribs 
springing directi}'from the middle of the centra, save that of tlie first, which springs 
from tlie superior internal border of the centrum. The excellent state of preserva¬ 
tion in wliicli tins sacrum was found, firmly attached to the ilia of either side, 
demonstrates beyond a doubt the fact that all five of the vertebne bear those proc¬ 
esses which have been called sacral ribs. As to whether or not the first of the 
sacrals is homologous with that which in JJiplodocus I have described as the last 
dorsal, though there functioning as a sacral, I am as yet undecided. I believe, how'- 
ever, that it is, although since it is the neural spines of this and the two succeeding 
vertebral that are co5s.sified in the present sacrum, this fact might be considered by 
some as tending to disprove this assumption, for in JJiplodocus it is the spines of the 
three median vertebral, the true sacrals, that are cofissified. However this may be, 1 
mil inclined to the opinion that the first vertelira which in Diploducux gives support 
to the ilia did in fact bear what has usually been interpreted as a sacral rib and 
should therefore be considered as a sacral by those who accept the presence of this 
element as distinguishing the sacrals. The imperfect condition of all the DIplodocus 
sacra so far discovered precludes the possibility of determining this point with abso¬ 
lute certainty in that genus. In the type of Diplodocus carnegii the right side of 
this vertebra is present though in a somewhat imperfect condition and presents an 
element which, though occupying a decidedly more elevated position than that of 
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the so-called sacral ribs in the succeeding sacrals, does however spring from the 
superior lateral surface of the centrum.. It may therefore be considered as homol¬ 
ogous with those elements in the true sacrals. Its position with relation to the 
vertebral centrum may be considered as evidence that this vertebra though function¬ 
ing as a sacral is in reality a modified dorsal and that, contrary to Osborn’s asser¬ 
tion, the sacrum in the Sauropoda may have expanded by the addition of at least 
one posterior dorsal. 

The diapophyses of all the sacral vertebme send downward thin vertical diapo- 
physial laminie. These unite at their extremity with the sacral ribs or as I prefer 
to call them the parapophyses ^ of their respective vertebrae to form thin partitions 
separating the four large sacral foramina to be seen in the inferior view of this 
sacrum with ilia attached, shown in Fig. 1, Plate V. Internally these foramina are 
enclosed by the sacral centra and externally by the extended iliac bar formed by the 
expanded and coalesced distal extremities of the parapophyses (sacral ribs). 

The parapophyses (sacral ribs) of the first and fifth sacrals are longer l^ut rather 
more slender than those of the three median or true sacrals. This is especially true 
of the first sacral. In this vertebra this element springs from the superoanterior 
surfiice of the centrum, continues outward for some distance as a strong bar when it 
expands and divides into two branches enclosing a small foramen bounded externally 
by the ilium and shown in Plate V., F'ig. 1. The inferior of these two branches abuts 
against the base of the pubic peduncle, the superior unites with the diapophysial 
lamina in giving support to the widely expanded anterior blade of the ilium. 

In the posterior sacral the parapophysis springs from the middle of the centrum 
at its anterior extremity and continues as a single bar, only moderately expanded 
distally, where it gives support to the posterior blade of the ilium. Superiorly it is 
united throughout its entire length with the diapophysial lamina. The diapophy¬ 
sis branches distally and with the posterior blade of the ilium encloses the foramen 
seen in Plate V., Fig. 3. 

The parapophyses of the three median sacrals are all short and stout. They 
differ from those of the firat. and fifth sacrals in having their extremities expanded 
and coalesced so as to form a strong iliac bar not only giving support to the ilia but 
constituting the inner superior borders of the acetabula. These three vertebrae were 
the first to become coossified. Throughout the entire life of the individual they 
gave the chief, and during a certain period of its youth perhaps, almost the only 
support to the ilia. It is for these reasons that I consider these vertebra? as the only 
true sacrals of which the sacrum in the earliest Sauropods was alone composed. 

* The homologies of these elements will be discussed more fully when we come to speak of the caudals. 
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Should we ever be so fortunate as to discover representatives of the very earliest 
Sauropod Dinosaurs it is not at all improbable that in these the sacrum will be 
found to consist of only tliese three vertebnn. This numl)er is, however, a decided 
advance over that which is suptposed to have constituted the sacrum in the primitive 
reptilia. This supposition, however, is at present purely conjectural though sup¬ 
ported by considerable evidence. If we consider the three median vertebrm as the 
true sacraJs the anterior miglit very appropriately be called a dorso-sacra! and the 
})osterior a sacro-vaudal. 

In all the functional sacrals the parapopli 3 'ses spring from the anterior extremi¬ 
ties of tlie centra of the several vertebne, but in tlie first and second true socrals 
there is in each instance some slight union between the posterior extremities of the 
centra of these vertebne and tlie succeeding parapophysis as shown in Plate V., Fig. 1. 

Viewed from abo\’e, the diapophyses of the sacrals in Ilaplocanthosuurns are each 
seen to be formed b}’ the union of two laminie. One of these springs from the 
spine of that vertebra to which the process pertains and the other from the antero- 
external margin of the spine of the immediatel}' posterior sacral. These larniiue 
rapidlv converge both inferiorl}^ and exteriorl}’ and unite in forming the diapoph}'^- 
ses or transverse processes. These are on a level with the superior border of the 
ilium and a short distance before coming in contact with that element they expand 
anteroposteriorl}^ and present broad, rugose, superior surfaces. 

The neural spines of all the sacrals are extremely short as compared with the 
same elements in either Diplodocm or Bronfosauru>; and in this respect they more 
nearh’’ resemble the same elements in Moromnrui,-. Those of the three posterior 
sacrals are directed upward and a little backward. The spines of the three anterior 
sacrals are coalesced and form an elongated bon}^ plate. In Dlplodocus and Bronto¬ 
saurus it is the three (sometimes the two anterior in the former genus) true median 
sacrals that have the spines coalesced. Superiorly and posteriorly the spines are 
much expanded and the}^ each present prominent lateral rugosities at the apex. 

Seen from behind or in front the saci’uin is considerably distorted by pressure. 
In the drawings, Plate V., this distortion has been for the most part eliminated and 
the sacrum appeal’s low and veiy broad with the neural arches of only moderate 
height when compared with those of the dorsals. In so far as I have been able to 
determine there is in the present genus no unusual development of the neural canal 
in the region of the sacrum. 

The principal characters of the sacrum in the present genus are well shown in Plates 
IV. and V., where in the former comparative views are given of the pelves of Bron¬ 
tosaurus, Dlplodocus and hfaj>locanthosaurus with their respective sacra in position, 
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The more important dimensions of the sacrum of the type of Ha'plocanthoscmrus 
prisons are as follows: 


Total length of the five coossified sacrals. 795 

Greatest expanse of transverse processes of fir^t sacral. 640 

“ last “ . 700 

Height of top of neural spiue above bottom of centrum in first sacral. 520 

last . 485 

Anteroposterior length of three coossified neural spines . 398 

Height of anterior neural spine above zygapophyses. 252 

posterior . 180 


The Caudal Ve^'tehrse (Plate III.).—Nineteen anterior caudals were found associated 
with the present skeleton. Their position in the ciuarry relative to one another and 
to the sacrum are shown in Figs. 1 and 2. 

The centra throughout the entire series of nineteen caudals are remarkably short 
when compared with the same vertebrie in Diplodocus. They are somewliat con¬ 
stricted medially and are slightly amphicoelous with the concavity of the anterior ex¬ 
tremity more pronounced than that of the posterior. The centrum of the first caudal 
is the shortest of the series. From this they very gradually and slowly increase in 
length until the twelfth caudal is reached when they begin very gradually to de¬ 
crease in length. 

The neural spines throughout ai*e compamtively short and directed somewhat 
backward. They are compressed and with rugose extremities which are quite simple 
throughout instead of being laterally expanded and emarginate as in caudals one to 
eight in Diptlodocus carnegii. 

The anterior zygapophyses are slender and extended far forward in advance of 
the anterior extremities of their respective centra. The posterior zygapoph 3 ^ses are 
not extended be 3 mnd the posterior extremities of the centra. 

The transverse processes even in the anterior caudals are quite simple when com¬ 
pared with the same elements in Diplodocus and Brontosaurus. In the anterior 
caudals the 3 '’ appear as simple, broad plates of bone springing directl 3 ^ from the 
neural arches and the superior lateral surfaces of the centra. These bon 3 ' plates are 
nearty flat and thin. The 3 ' are entire instead of being perforated as in Diplodocus, 
and their posterior and anterior surfaces are entirel 3 ^ destitute of that series of vertical 
or radiating laminte seen in the anterior caudals of Dipdodocus carnegii. The trans¬ 
verse processes of the caudals decrease rapidl 3 ' in size as we proceed posteriorly and 
in the twelfth caudal the 3 ^ are reduced to a rounded knob of bone on either side of 
the centrum near the superior border, while just above this on the middle of the side 
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of the neural arch there is a second prominence less pronounced, however, than that 
on the centrum. In the thirteenth caudal the prominence on the.centrum is onl}^ 
faintly distinguishable. In the succeeding vertehrte it has disappeared entirely, 
while that on the neural arch continues on the thirteenth, fourteenth and fifteenth 
caudals, but is wanting on the succeeding vertebrse. Of these prominences or tuber¬ 
osities the superior or that one situated on the neural arch doubtless represents a 
rudimentary (liapophysis, while the inferior or that situated on the side of the centrum 
may be considered as homologous with the parapojjhijsis. It would, therefore, appear 
as though the transverse processes in the anterior caudals were made up of the coal¬ 
esced diapoph 3 'ses and parapo])h_yses. .1 ust what bearing this ma}" have on the exact 
homologies of the so-called sacral ribs in the Sauropoda it is impossible to say. It 
would appear, however, that Osborn’s assertion that a “ sacral rib is not a transverse 
process”® is open to criticism when that term is applied to these elements in the 
dinosaur pelvis, or at least needs some further support, and that iNlarsh’s statement 
that “each sacral vertebra supports its own sacral rib or transverse process” may 
not have been so far from correct as Osborn supposed it to be, though Marsh’s 
assertion that the sacral vertebric in the Sauropoda were without diapo])h 3 'ses is 
doubtless erroneous. If, as Osborn asserts ; “ The sacrum of Sauropoda (Cetiosaurs) 
is reinforced by the addition, not of dorsals, but of anterior caudals,” it would seem 
(piite evident that those elements which spring from the sacrals and give supjiort to 
the ilia are in realit 3 ’^ tdie modified transverse processes of the caudals, and since, 
as has alread 3 ^ been shown, the latter appear to have been formed by the union of 
parapoplu’ses and diapophyses, there would seem very good reasons for assuming that 
the socalled sacral ribs which s])ring directl 3 ' from the sacral centra are homologous 
with the parapoph 3 '^ses, while the superior bar giving support to the superior border 
of the ilium represents the diapophyses and that these two elements with the con¬ 
necting diapophysial lamina together constitute the transverse process. According 
to this interpretation the so-called sacral ribs become morphologically quite distinct 
from tho.se elements in the tailed Amphildaiis as described hy Flower on page 66 of 
his “ Osteolog 3 'of the Mammalia,” and 1 am inclined to the opinion that, while the 
articulation of the ilium with the sacrum in the Hell Bender [Menopora.a) and other 
allied forms is 63 ’^ means of a sacral rib interposed between the ilium and the trans¬ 
verse process of the sacral vertebra in the Sauropoda as well as in all the other terrestrial 
vertebrates requiring more or less rigidit 3 ^ in this region^ this interposed sacral rib, if 
it ever existed, has disappeared altogether, allowing the ilium to come in direct con¬ 
tact with the transverse processes of the sacrum. In Menaporaa the transverse proc- 
^See ^leiiioirs Am. Mils. Nat. Hist., Vol. I., Part V., p. 202. 


•20 


MEMOIRS OF THE CARNEGIE MUSEUM 


ess of the sacral is stronger not only than those of the preceding and succeeding 
\'ertebra3, but it is stronger than its sacral rib, although the latter is more robust 
than the mo^’able ribs borne by the transverse processes of the immediately preced¬ 
ing and succeeding ^'ertebra3. It ^vould seem more probable, therefore, that the 
smaller and more slender sacral rib would become obsolete than the stronger 
and more robust transinrse process. Whether this elimination was accom¬ 
plished by the complete disappearance of the sacral rib or by its fusion Avith 
the transverse process cannot be told. It by the latter process, howeA'er, the 
so-called sacral ribs in the Sauropod sacrum would then be homologous Avith 
the coalesced sacral ribs and transverse processes. But in the sacra of the 
tiauropoda and other highly specialized terrestrial vertebrates, Avhether reptiles 
or mammals, it Avould appear to be cj[uite evident that in all those sacral 
Anrtebrm added to the primiti\^e sacrum through the modification of anterior cau- 
dals it is the transverse jrrocesses (united diapophyses and paropophyses) that have 
been modified to giAn support to the ilia instead of true sacral ribs homologous Avith 
the free ribs borne at the exti’emities of the transA^erse processes in the anterior cau- 
dals of Menojwma, for in no instance are the transverse processes of the anterior cau- 
dals of eA’en moderately specialized terrestrial A'ertebrates knoAvn to liaA'e borne such 
ribs. E\’en in the modern Iguana and in the crocodiles Avhere the sacrum is still 
exceedingly primitive,consisting of oidy tAAn ununited vertebrie,there are no mov¬ 
able or other ribs on the transA^erse processes of the anterior caudals and none are 
known tt) the present Avriter even among the earliest knoAvn Dinosauria. It does 
not seem at all reasonable to suppose that these ribs AA^ere present in the primitive 
forms in the caudal region, that they disappeared and then reappeared in the suc¬ 
cessive caudals as these Avere added to the primitiA^e sacrum more especially since 
their presence would tend to produce instability rather than strength in that region 
AAdiere rigidity is especially advantageous. In Figs. 5 and 6 are giA'en supeiior 
AueAA^s of the sacra together Avith the immediately preceding and succeeding A^erte- 
brte in Menopoma aUegheniensis and Iguana tuherculatu. A study of these figures 
shoAvs the marked difference in the structure of the saci’um in the tAvo. In Meno- 
poriia the ilia articulate Avith the transverse processes of the solitary sacral through 
the intermedium of sacral libs, AAdiile in the Iguana this articulation is directly Avith 
processes firmly fixed one on either side of the centra of each of the tAA-o sacrals. 
^^dlateA•er the exact homologies of these latter processes may be it is impossible to 
say A\ith cerfiiinty, though embryology ought to offer some eAudence. In general 
form and in position, hoAvever, it is evident that theA^ approximate much more 
closely the transverse processes than true sacral ribs. If, hoAvever, they are homolo- 
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gous with the true sacral ribs as seen in Menoimau, wliich to tlie w’l’iter seems ex¬ 
tremely improbable, it does not follow that they are “profoundly different from the 
dorsal ribs” as has been stated by Osborn;” for an examination of a skeleton of 
Meuopoma will show the inorpliological identity of the sacral ribs wdth the free ribs 
borne at the extremities of the transvei’se. processes alike of the anterior caudals and 
the entire presacral series, while the latter must be homologous with the dorsal ribs 



o. Siiiierior view of sacral, anterior caudal and posterior dorsal or lumbar of JSLenopoma alleghen- 
iensiSj twice natural size. s, sacral; c, anterior caudal; d, posterior dorsal; t.p.^ transverse process; 
s.r., sacral rib ; i7, ilium ; /.?*., free rib. 

Fig. 6. Superior view of sacrum, anterior caudal and posterior lumbar or dorsal of Iguana tuber- 
cidata^ natural size, d, posterior dorsal; s.i, first sacral; last sacral; c, anterior caudal; t.p.^ 
transverse process except that on last dorsal which is a free rib ; d, ilium. 

in the terrest]*ial vertebrates as will become apparent by a study of the skeleton of 
Iguana where the transition from the short straight ribs of the clorso-lumbar region 
to the elongated and curved ribs of the true dorsals is quite gradual. 

Jn consideration of the characte]*s just described as obtaining, in the transverse 
processes of the caudals of Haplocanthosaurus in connection with those already men¬ 
tioned as pertaining to the sacrum in the various genera of the Sauropoda, it appears 
to the pi*esent writer that the following characters relative to the structure of the Sau- 
ropod sacrum as a whole and the homologies of the different elements with those 
of the other vertebrae seem quite probable though not at pi-esent capable of being 
demonstrated with certainty. 

Fikst. — That the Sauropod sacrum is composed office coossified rertebru ivhich func¬ 
tion as sacrals. 

Secoxt>, — That the three median of these five functional sacrals alone composed the 
sacrum in the primitiue Sauropoda and may he regarded as the true sacrals. 

‘^Vol. I., Pcirt V., Mem. Am. Mus. Nat. Hist , p. 201. 
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Thiiu). — 'rjiat the ')mmher of saerals in the Sauropoda has been inereased to five bp 
the addition of a posterior dorsal and an anterior eaadal. 

Fourth. — Tlutt the saerals give support to the ilia solely by means of the transverse 
processes {diapophyses and parapopdiyses). 

Fifth. — Tlmt there are no true saeral ribs homologous with those elements in the 
tailed ampdiibia and that the so-ealJed saeral ribs are really hornoloyoas vjifh the pmra- 
pophyses or inferior branches of the transverse pjrocesses. 

It is true that the parapophj^ses (sacral ribs) of the saerals, as also the trans- 
v’^erse processes of the cauclals in the Sauropoda are derived from centers of ossifica¬ 
tion distinct from those which give origin to the centra, and this fact may by some 
authorities lie taken as proof that they are not portions of the transverse processes, 
though I should not consider it as such. 

The principal dimensions sometimes materially modified by crushing of the 
several vertebrm in the type of llciploeanthosaurus priseits (No. 572) are given in the 
following table: In column 1 the greatest expanse of the transverse processes of 
the diapophyses are given; column 2, greatest length of centra; column o, trans¬ 
verse diameter of centra at posterior extremit}^; column 4, height of neural spines 
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above middle of inferior l)order of eentra in presaerals and a])Ove inferior border 
of posterior end in postsaerals. 

The ineonsisteneies that appear in the above table of measurements are due to 
the varying amount of erushing to whieh the different vertebne were sul)iected 
while entombed in the sandstones. In this eonnection it should be remembered 
that these animals lived in a period long previous to that whieh witnessed the final 
upheaval of the front range of the Roeky Mountains and that the bones, as well as 
the sandstones in whieh they were imbedded, have been subjeeted to the enormous 
pressure whieh ettected the upheaval of that mountain range. Idttle wonder that 
they are in many instances mueh erushed and distorted. It thus happens that the 
measurements given above are of value only as giving a general idea as to the sev¬ 
eral dimensions of the various vertelu’ne. In most instances they eannot be consid¬ 
ered as representative of the exaet measurements and therefore capable of l)eing 
eompared critically with those of other skeletons. 

The Chevrons (Figs. 7, 8, 9, 10). — Only two ehevrons were found. One of these 
(Figs. 7 and 8) was found in position between the eighth and ninth eaudals. It 
does not differ materially from the ehevron of the 
same region in Diplodocns or Brontosaurus. It is Y- 
shaped with the open portion somewhat abbreviated 
and the inferior portion elongated, eompressed and 
with spatulate extremity. The artieular surfaees of 
opposite sides at the proximal ends arc not confluent. 

The length of this ehevron is 313 mm. When seen 
from the side, it curves less strongly backward at the 
distal end than does the same ehevron in DlplodoGus. 

The other chevron (Figs. 9 and 10) was found in 
position articulating with eaudals thirteen and four¬ 
teen. It differs from the one just deseril)ed in its 
smaller size and in the more elongated open portion 
of the Y as compared with the closed inferior portion. 

At the point where the two Ijranehes meet it is gi’eatiy constrieted antero-posteriorly, 
while distally it is mueh expanded in the same dii'eetion, but without the anterior and 
po.sterior projections which are already quite prominent in the same and the preced¬ 
ing chevron in D'qdodoms. This ehevron has a length of 184 mm. 

The Ribs (Figs. 11,12 and 13). — The ribs do not differ essentially from those of 
other members of the Sauropoda. They increase in length and strength quite rap¬ 
idly from the first to the fourth when they continue subequal in length until in 




r s 

Figs. 7 and 8, chevron between 
eaudals S and 9, side and posterior 
views respectively, one-tenth nat¬ 
ural size. 

Figs. 9 and 10, chevron between 
eaudals 13 and 14, side and posterior 
views respectively, one-tenth nat¬ 
ural size. 
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about the region of the ninth or tenth. Posterior to these, they rapidly become 
shorter and more slender. The ril;>s of the anterior and mid-dorsal region are much 
expanded proximalh’^ where they present a rather deep concavity on the posterior 
surface, while the anterior surface in the same region is convex. Beyond this they 
become subcircular in cross-section and somewhat spatulate at their distal extremi- 
ies. The ribs of the posterior region ai’e decidedly less expanded proximally and 
in the middle they are semicircular in cross-section. 

Figs. 11, 12 and 13 represent respectively anterior views of the supposed 
second, fourth and thirteenth ribs. The second rib has a length of 911 mm., the 



Fig. 13. Anterior view of thirteenth? rib of left siclej one-tenth uat. size. 

fourth 1,394 mm. and the thirteentli 710 mm. Compared vith the size of the 
animal as a whole the ribs of Haplocanthosaurm are neither long nor robust. 
Throughout the entire series the capitulum and tuberculum are well separated. 
The capitulum is pediceled while the tuberculum is sessile, save in the anterior ribs 
where it is also pediceled. 

The Pelvis (Plates IV. and V.). 

All the elements of the pelvis were found approximately in position and in a 
splendid state of preservation. 

The Ilium (Plate IV., Fig. 3). — In general form the ilium resembles that of other 
members of the Sauropoda. In the present skeleton both ilia were found attached 
to the sacrum which lay imbedded in the sandstones with the spines directed up¬ 
wards but reclining a little on its right side. It thus happened that these elements 
received the pressure of the superincumbent rocks in a direction obliquely vertical 
and from the left. This pressure was sufficient to accomplish considerable crushing 
and the superior borders of the ilia have been considerably flattened and instead of 
describing the arc of a circle as was doulitless the case before this distortion took 
place, for a considerable distance along their superior borders they now present a 
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nearly Hat surface. In the drawings this distortion has not been entirely elimi¬ 
nated. 

The ischiac peduncle is broad and sessile with the transverse diainoter of the 
articular surface for the ischium considerably exceeding the antei'oposterior 
diameter. 

The pubic peduncle is elongate, extending far below the inferior border of the 
ilium. It forms most of the anterior border of the acetabulum. The articular sur¬ 
face for the pubis has the transverse diameter greater than the anteroposterior. At 
its base the pubic peduncle is supported internally by the parapophyses of the dorso- 
sacral and the first true sacral vertebra as shown in Plate V., Fig. 11. 

The ilium is produced far in front of the 25ubic peduncle into a broad anterior 
blade. At its extremity this anterior blade of the ilium is broad instead of pointed 
as in Diplodocus and Broiitoscmrm. In superficial area the anterior blade of the 
ilium constitutes nearly one half of that element. Internally it is supported by the 
{wwerful and widely exjjanded diapojfiiysis ofthe dorso-sacral. 

The ilia are not produced for behind the ischiac i^eduncles and the 2 ")Osterior 
blades are therefore short but rather broad. 

The U23i:)er one-half of the acetabular border is formed by the ilium, the pubic 
and ischiac [peduncles and the acetabular bar formed by the united extremities of 
the joarapophyses of the three true sacrals. 

The anterior extremities of the ilia of oi^j^osite sides are very widely se^^arated 
and the jwsterior extremities less decidedly so while in the middle, both superiorly 
and inferiorly the ilia of oi3posite sides aj)proach more nearly to each other. It thus 
haj^i^ens that the diapophyses and parapophyses of the thi'ee true sacrals are shorter 
than those of the dorso-sacral and sacro-caudal. 

The Pubis (Plate IV., Fig. 3, and Plate V., Fig. 2).—The [jubis is i^rojjortionately 
short and stout and greatly expanded proximally. At their distal extremities the 
internal border’s of the irubes were in contact for a short distance oirly. Above this 
point of contact, when in position, the pubes wei’e sejrarated by an elongated ajrer- 
ture 300 millimeters in length, while above this ajrer'tui'e they meet agaiir and fornr 
an elongated {)ubic symirhysis aboirt 300 milliinetei’S in length. In either instairce 
the union between the jmbes of opposite sides was ligamentary. The direction and 
position of the suirerior of the two pubic symirhysial surfaces is horizontal and veir- 
tral rather than vertical. 'I'he pubis forms the antero-inferior one foui’th of the 
acetabulum. The imbic foramen is vei’y large and somewhat ellijDtical in outline; 
just posterior to and above it there is an extended sutural surface for contact with 
the ischium. 
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The Ischium (Plate l\^, Mg. 3, and Tdate V^, l^dg. 3).—As comjiared with the pubes 
the isehia were slender. Proxiinall}^ they expand and form the postero-inferior one 
fourth of the acetabular border. Beneath the acetabular border they present broad, 
rugose, sutural surfoces for articulation with the pulses. Posteriori}" the isehia con¬ 
tract rapidly and form broad flat bars with broadly rounded external surfaces. 
These bars converge and meet distally where they are coossified to form a syinj^hysis 
about 195 millimeters in length. 

The form and principal characters of the different elements of the pelvis are well 
shown in the figures in the plates accompanying tins memoir. 

The principal measurements of the different elements of tlie pelvis are as follows: 


mm. 

Greatest length of ilium. 827 

Distance from inferior extremity of pubie peduuele to top of iliae erest. 512 

‘‘ isehiae . 332 

Length of jmbie peclnuele below superior border of aeetabulum. 249 

Expanse of ilia at anterior extremity. 1140 

‘‘ ‘‘ ‘‘ posterior ‘‘ . SIO 

pubie pediineles. 786 

“ isehiae . GS5 

Length of pubis. 693 

Greatest breadth of jHibis. 432 

Least “ . 165 

Length of isehia from middle of acetabular border to distal end. 790 

Extent of acetabular border of ischium. 210 

Breadth of ischium just above symphysis. 85 

Depth “ ‘‘ . 50 


lire, Femur (Fig. 14). 

Unfortunately the femur is tlie only element preserved of either the fore or hind 
limbs and this is not entirely complete, though sufficiently well preserved to show 
most of the more important characters. As shown in the diagram it w"as found not 
far removed from its normal position relative to tlie pelvis, so that there can be no 
reasonable doubt that it pertains to the same skeleton. It does not differ materially 
from the femur in other members of the Sauropoda although as compared with 
the other portions of the skeleton it appears rather long and stout. There is a 
low and elongated fourth trochanter on the postero-internal margin midii’ay 
lietween the proximal and distal extremities, and just external to this is a shallow 
concavity with a markedly rugo.se surface. The external condyle is larger than the 
internal and they are well separated by a deep intercondylar notch. The head is 
large and hemispherical in form but without distinct neck. The articular surface 
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is very rugose and this rugosity is continued along the superior surface of the 
greater trochanter to tlie external surface of the sliaft. Both the internal and external 
margins of the shaft of the femur curve very gently outward as shown in Fig. 14. 
The principal dimensions of the femur are as follows; 


mm. 

Length.. 1275 

Transverse diameter at proximal end.... 353 

'' '' '' distal ...'. 309 

middle of shaft. ... 207 


Conclusions. 

Mdien considered together the remains upon which the 
present genus and species are based indicate an animal of 
rather unusual proportions for a member of the Sauropoda. 
The number of dorsals and the comparative length of tlie 
individual dorsals indicate a thoracic region proportionally 
longer than in Diplodocus,- Brontomurus or Moromurm. 
While the cervical region appears somewhat abbreviated 
and the caudal region must have been remarkably sliort as 
is indicated by the reduced length of the individual verte¬ 
brae, though this was probably made less apparent by an in¬ 
crease in the number of caudals. Judgingfrom the femur 
alone the limbs were compai’atively long, and the animal 
proportionately high and short for a Sauropod dinosaur. 

HABLOCANTHOSAURUS UTTEEBACKI sp. nov. 

(No. 879.) 

The present species is named lor j\Ir. W. H. Utter- 
back, its discoverei', and in recognition of his services to 
vertebrate paleontolog^c 

C7/«r. Sp.: It is readily distinguished from IJ. priseus, 
the type species of the genus by the character of the pos¬ 
terior dorsal centi’a which are rather more opisthoccelous 
than in the type species. The fully adult indiviual was 
doubtless of larger size in the present than in the first 
named species of the genus. But the most distinctive 
character is to be found in the sacrum which, in the 
present species, has the five neural spines normally coos¬ 
sified. The fiist four are cobssified throughout their 



Fig. 14. Left femur of 
HaplocaMiomurns priscvs^ 
front view, seen obliquely 
from within (No. 572), xV 
ural size, /r , head; gt ., greater 
trochanter ; fr., fourth tro¬ 
chanter ; L e., internal con¬ 
dyle; e.c., external condyle; 
f.r/., inter-condylar groove. 
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entire length, forming a long bony plate. The union between the fourth and fifth 
is limited to the exti’emities while medially they are separated by an elongated 
foramen. In H. jjmca.s- only the spines of the three anterior sacrals are coossified, 
those of the first and second sacrals remaining free. This difference exists notwith¬ 
standing that the type of the present species was scarcely adult, the sacral centra 
neither being coossified with one another nor with their neural arches. By some 
this character might be considered as of generic importance although I prefer to 
consider it as of only specific value since in all other parts of the skeleton preserved 
there are no distinguishing characters which could be considered as of generic value. 


Description of the Type. (No. 879.) 

The type of the present species consists of a left scapula and right coracoid, 
se\'eral ribs and thirty-five more or less complete vertebrm distributed as follows; 
Ten cervicals, thirteen dorsals, five sacrals and seven caudals. For the most part 
these vertebne are complete, but in a few instances the}' are represented only by 
isolated spines and neural arches without centra, or by centra without spines and 
neural arches, and one anterior cervical, proliably the axis or the succeeding cervical, 
is represented only by a portion of the neural arch. The position of these bones 
relati\’e to one another as they were found in the quarry is shown within the dotted 
line in the upper left-hand corner of the diagram shown in Fig. 1 where the positions 
of the different bones are indicated as follows : 


1 = cervical 3, placing the number of cervicals at fifteen. 

2 = “ 4. 

3 = “ 8. 

4= “ 9. 

5= “ 10. 

6 and 6' = “ 11. 

7= “ 12. 

8 = “ 13. 

9 = “ 14. 


10 = “ 15, or last of cervical series. 

11 and 11' = dorsal 2. 


12 = 


13 and 13' = “ 4. 

14 and 14' = “ 5. 

15 and 15' = “ 6. 


16 = 
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17 = dorsal 8. 

18= “ 9. 

19= “ 10. 

20 = “ 11 . 

21 = ■ “ 12 . 

22 = “ 18. 

23 = “ 14. 

Sa = s[)ines and transverse processes of sacrals; a, b, c, d, e I’epresent 
respectively the spines of sacrals 1, 2, 8, 4, and 5. 

24 = centrum of sacral 4. 

25 = “ “ “ 5. 

27 = caudal 1. 

28 = “ 2. 

29 = “ 3. 

30 = “ 4. 

31 = “ 5. 

32 = “ G. 

33 = “ 7. 

34 = parai^opliysis (sacral rib) of first sacral. 

35-39 inclusive are ribs. 

S = left scapula, 
c = right coracoid. 

Shaded bones in diagram do not peidain to Huplocanthosaurus. 

As will appear by a critical examination of the diagram the vertebra} of the 
cervical and anterior dorsal regions were much scattered and displaced before finally 
becoming imbedded in the sands which later become solidified into the sandstones of 
almost granitic hardness in which they were found encased. In the following 
description of the vertebral column the reader should bear in mind that save for the 
third dorsal anti the fii’st and second caudals the centra wei’e detached from the 
neural arches. Owing to the age of the individual there was as yet only a sutui’al 
union between the- centi’a and the neural arches of tlie respective vertebra}. In 
most instances the centra, while not dii’ectly attaclied to their respective arches, were 
either found in position or only slightly remoA’cd from their normal positions relative 
to one another. In some instances, however, as with dorsals 2, 5 and 6, the centra 
and neural arches were found separated by a distance of from two to four feet, Avhile 
a few vertebiTC are represented l:)y their centra or neural arches only. 
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The CervicaJs. Plate IL, Series 3 and 4. 

The Third (f) Cervical (Plate IL, Fig. 3, Series 4). — The most anterior vertebra 
of the cervical series pertaining to this skeleton I have referred to the third although 
it may pertain to the axis. Its fragmentary condition precludes the possibility of 
determining the exact position with certainty. Its position in the quarry is shown 
at 1 in the first diagram. It consists of the posterior portion of tlie neural arch with 
tlie posterior zygapophyses and it could hardly have occupied a position posterior to 
the third cervical although it ma}^ pertain to the axis. 

77w? Fourth Cerincal (Plate II., Fig. 4, Series 4). — A little to the right of the cer¬ 
vical fragment just described the present vertebra, which I interpret as the fourth 
cervical, wiis found. Its exact position in the quarry is shown at 2 on the diagram. 
It is essentially complete and but little distorted, though as with all the cervicals of 
this series the rib is disarticulated as Avas to be expected considering the age of the 
individual. The posterior zygapophyses and transA^erse processes are Avidely ex¬ 
panded. Near the anterior extremity and on either side of the centrum a strong 
process springs from the inferior lateral border. At the extremity this expands into 
a capitular facet for the articulation of the capitulum of the ceiwical rib. These 
processes as Avell as the similar, though less pronounced ones found on the succeed¬ 
ing cervicals may possibly be homologous Avith the parapophyses. In the present 
Amrtebra they are produced far beloAV the inferior border of the centrum. The 
pleurocentral cavity is deep and invades the base of the ball. It-is confluent AAuth 
a rather deep caAuty found on the superior surface of the process Avhich supports the 
capitular rib facet. It is imperfectly diA’ided into anterior and posterior caAuties by 
a loAV rounded ridge Avhich may be regarded as an incipient oblique lamina. The 
centrum is markedly opisthocoelous Avith the carnty of the posterior extremit}^ sub- 
circular in outline. The inferior surface of the centrum is broad and there are fiA^e 
shalloAv infracentral cavities. One of these, the posterior, is medial, and the an¬ 
terior four are lateral, arranged two on either side of the central line, one at the 
base of and tAvo posterior to the processes Avhich support the rib facets. The cen¬ 
trum is much contracted medially. 

The Eighth Cervical (Plate II., Fig. 8, Series 4). — Between the A^ertebra just de¬ 
scribed and the next in our series it is e\fldent that a number are missing. I haA’e 
estimated the number of missing v^ertebnu at three. This Avould make the position 
of this vertebra the eighth in the series, a position Avith Avhich it agrees very avcII 
if AA'e commence Avith the last of the series and Avork foi'Avard, so that I have but 
little doubt that this Avas its correct position. It is essentially complete and not 
badly crushed or distorted. Save for its greater size in its general form it very 
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closely resembles the vertebra just described. The pleurocentral cavities however 
are more completely divided into anterior and posterior moieties by the presence of 
more pronounced oblique laminsB. There is a single large infracentral cavity and 
the cup is broader than deep. The anterior zygapophyses are supported inferiorly 
l)y short and rather slender inferior branches of the prezygapophysial laminse while 
inferior branches of the diapophysial lamime give support to the broad diapophyses 
which bear at their extremities the tubercular rib facets. The position of this ver¬ 
tebra in the quany is shown at 3 .in the diagram. 

The Ainth Cervical (Plate 11., Fig. 9, Series 4).—This vertebra found at 4 in the 
diagram of the quarry was not far removed from the preceding. It consists of the 
centrum with the posterior and anterior zygapophyses still in j^osition. It is much 
crushed and distorted but in so far as it is possible to determine, it agrees fairly 
well with what we should expect to find in the ninth cervical. It has been errone¬ 
ously drawn as complete in Ehate II., Fig. 9. 

The Tenth, Eleventh, Twelfth and Thirteenth Cervicals (Plate II., Figs. 10, 11, 12, 13, 
Series 3). —These four vertebrae are in each instance well-nigh perfect and they di.s- 
play such a gradation of progressive characters that there can be no doubt as to 
their constituting a continuous series. 

The neural spines and posterior zygapophyses become successively more elevated 
as we proceed backward in the series. The spines however show no tendency to 
divide, there being scarcely an emargination at the summit even in the last of the 
four. The posterior zygapophyses become successively more expanded and the supra- 
postzygapophysial cavities become deeper and broader, The position of these 
vertebrae in the quarry was as follows ; The tenth was found at 5, the neural arch 
and spine of the eleventh was found at 6, and the centrum at 6', the twelfth is 
shown at 7 and the thirteenth at 8. 

The EouHeenth Cervical (Plate II., Fig. 14, Series 3). — Only the centrum of this 
vertebra was recovered; it was found at 9 on the diagram. It is considerably 
crushed, especially anteriorly but there is no doubt that it was a cervical and that 
its position was posterior to the thirteenth. Its size, length and general characters 
indicate that it belonged immediately behind the thirteenth I have, therefore, re¬ 
garded it as the fourteenth. 

The Fifteenth Cervical (Plate II., Fig. 15, Series 3). — Tliis is represented by a well- 
preserved neural arch and spine without centrum found at 10 as shown on the dia¬ 
gram. The difference between this spine and that of the thirteenth is such as to 
preclude the possibility of its pertaining to the fourteenth or immediately succeed¬ 
ing cervical. I have, therefore, assigned it to the fifteenth or last cervical, with 
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which it agrees very well when compared with the spine of that vertebra in 
H. priscus where there can be no question as to the proper position relative to the 
dorsals. Moreover if the spine of the fourteenth cervical in H. priscus be interposed 
between the present spine and that of the thirteenth cervical in the present skeleton 
they are seen to form a well-graduated series leaving little doubt that the positions 
assigned to the various A''ertebr8e of this region of the cervical series in the skeleton 
under consideration are corj’ect. The neural spine is faintly emarginate at the apex. 
The deptli of the emargination is 4 mm. 

The Dorsals. (Plate TL, Series 1 and 2.) 

The Second Dorsal (Plate II., Fig. 2, series 2.) There is in the vertebral series of 
the present skeleton no A'^ertebi'a corresponding to the first dorsal in H. priscus. 
That vertebra is apparently unrepresented in the present series. The neural arch 
and spine found at 11' fits fairly Avell on the centrum found at 11 and I haA^e con¬ 
sidered them as pertaining to the second doreal. As to the neural spine and arch 
there can be little doubt as to this determination, but as to the position of the cen¬ 
trum, it is by no means certain that it does not pertain to the first rather than the 
second dorsal. Indeed as regards the length and form of the centrum, character of 
the pleurocentral cavities, and position of the capitular rib facet, it would appear to 
more properly pertain to the fimt dorsal than to the second, while the Avidely separ¬ 
ated position (about four feet) in whicdi they (the centra and neural arch) AA-ere 
found might be taken as an indication that they pertain to difterent vertebrse. I 
haA^e associated this centrum and spine in the same vertebra for no other reason 
than that Avhen adjusted to one another they seem to agree fairly Avell. I believe 
it quite possible, even probable, that the centrum pertains to the firet dorsal. As 
regards the neural arch and spine hoAA’eAmr, after comparing them AAdth those of the 
first dorsal in H. 'prisons, there can be no reasonable doubt but that they pertain 
to the second dorsal. This position is indicated by the character of the anterior 
branch of the horizontal lamina Avhich is much less modified to give support to the 
scapula than in the first dorsal of FL priscus. The articular surfaces of the post- 
zygapophyses have assumed a more perpendicular position in anticipation of the 
hyposphene-hypantrum method of articulation that obtains in the median and 
posterior dorsals. The neural spine is passing from the AA’idely expanded scoopdike 
element seen in the posterior cervicals and dorsal one to the simi)ler form character¬ 
istic of the median and ])osterior dorsals. The superior Ijranches of the postzA’gapt)- 
physial lamina continue, however, confluent with the neural spine, extending to its 
A"ery apex and enclosing laterally a rather deep cavity Avhich, neA'ertheless, is much 
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less deep than in the last cervical of this series or the first dorsal of H. priscus. As 
in the succeeding dorsals the distance between the anterior and posterior zygapoph- 
^'^ses is much abbreviated. There is a veiy faint emai’gination at the apex of the 
neural spine with a depth of only 7 mm. 

The Third Dorsal (Plate 11., Fig. 3, Series 2).— This vertebra lay on end as 
shown at 12 in the first diagram. Owing to the position in which it lay in the 
quarry its centrum was much shortened b}’ the pressure to which it was subjected, 
the ball having been forced down into the })leuro-central cavities and the whole 
centrum tele.scoped as it were. Fortunately the neui-al arcli and spine are in a splen¬ 
did state of pi'eservation. They are still held in position with the centrum, though 
the sutures are very distinct. The spine when compared with that of the preceding 
vertebra is much modified in the direction of the conditions that obtain in the suc¬ 
ceeding doreals. It has assumed a nearly vertical position instead of being inclined 
forward as in the preceding dorsals and cervicals. 

It is very much compressed antero-posteriorly and is still connected with the 
posterior zygapophyses b}' the superior branches of the yjost-zygapophysial lamina?. 
In the present vertebra however this lamina does not run obliquely upward and 
backward in a direct and straight line from the zygapophysis to the to]) of the neural 
spine as in the preceding dorsals and the cervicals, but it extends backward, rising 
but little until it reaches the vertical plane of the antei’ior surface of the spine when 
it rises vertically as a thin narrow lamina ascending to the apex of the spine. The 
degree of differentiation in the neural spines of this and the immediately preceding 
vertebra is the most marked of any of the vertebrre even in this region whei’e the 
character of tlie different vertebrae are seen to change so rapidly. The apex of this 
spine is also faintly emarginate, the notch having a depth of 9 mm. The position 
of the capitular ril) facet is at the supero-anterior angle of the pleurocentral 
cavit}'. 

The Fourth Dorsal (Plate II., Fig. 4, Series 2).—The centrum and spine of this 
vertebra lay as shown at 13 and 13' in the diagram, 'fhey are both well|preserved, 
and the nature of the spine and transverse {processes demonstrate beyond a reason¬ 
able doubt that its position in the vertebral column was immediately posterior to 
the vertebra just desci'ibed. The spine is now cyuite perpendicular and more ele¬ 
vated. It is much compressed antero-posteriorly but somewhat expanded trans¬ 
versely. Its anterior surface is transversely convex, the posterior is concave, form¬ 
ing a long, shallow trough or scoop not nearly so deep as in the preceding vertebra?, 
'file transverse processes in this and the immediately preceding vertebra are assum¬ 
ing a more elevated position, the neural arches are becoming higher and the trans- 
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verse processes instead of being horizontal are directed successively more and more 
obliquely upward as in the succeeding doi-sals. 

The Fifth, Sixth, Seventh, Eighth, Ninth, Tenth and Eleventh Dorsals (Plate IL, Figs. 
5-11, Series 1 and 2). — The neural arches and spines of all these vertebrie were 
found interlocked by their zygapophyses as shown in the diagTam from 14-20 in- 
clusi^'e. The centra of the fifth and sixth had become detached and lay as shown 
at 14' and 15'. The remaining centra were in position at the base of their respec¬ 
tive spines. 'Fhe neural spines, transverse processes, capitular rib facets, neural 
arches, etc., form a regularly graudated series except that the capitular rib facet of the 
sixth is much larger than in the other vertebrie. The neural arch, spine and trans¬ 
verse processes of the fifth were much injured, but the spine is nearl}^ entire and it 
is evident that it pertained to the vertebra immediately posterior to that just 
described as indicated also by the centrum. 'Fhe spine is still compressed antero- 
posteriorly but decidedly deeper in that direction than the spine of the verte¬ 
bra just described. In the spine of the succeeding or sixth dorsal the transverse 
and anteroposterior dianietei’s are subequal. A hyposphene-hypantrum articula¬ 
tion begins with the sixth dorsal and continues throughout the remaining dorsal 
series. 

The Twelfth, Thirteenth, and Fourteenth Dorsals (Plate II., Figs. 12-14, Series 1). — 
These vertebne do not difter materially from the same vertebrte already described as 
pertaining to the type of H. jxriscus. They were found as shown at 21, 22 and 23 
in the diagram, interposed between the series just described and the anterior ex¬ 
tremity of the sacrum. As shown in the diagram the neural arches were in posi¬ 
tion relative to one another but the centra were a little remo-s’ed from their normal 
positions. They are all in a nearly perfect condition. 

If the reader has followed carefully the above description of the dorsals pertain¬ 
ing to the present skeleton together with those which pertained to the t 3 ’pe of H. pris- 
cus and will examine the accompanying figures it will have become apparent that 
the complete dorsal series in FTaplocanthosaurus must have consisted of not less than 
fourteen free vertebrte while it is scarcel}^ possible that there were more than four¬ 
teen. This is a very marked increase over the number (ten) which is believed to 
have formed the complement of free dorsals in Diplodocus, Brontosaurus and Moro- 
saurus. Nor does this increase in the number of dorsals in the present genus seem 
to have been made at the expense of the cervical series, for as near as we can judge, 
Haplocanthosaurus, like DipAodocus, was provided Avith fifteen cerAucals. Our deter¬ 
mination of the number of cervicals however does not rest on anything like so good 
a basis as does our determination of the number of dorsals but there can be little 
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doubt but that the number of presacrals in the present genus exceeded that of the 
same series in Diplodocus. 

The Scterals. (Figs. 15, 16 and 20.) 

The sacrum of the present skeleton differs considerably from that of the type of 
II. in'iscus. Its position in the quarry is shown in the diagram at Sa. Only the 
neural spines and diapophyses, the parapophyses of the right side and the centra of 
the fourth and fifth sacrals arc preserved. The neural spines of the first, second, 
third and fourth sacrals are conrtuent and firmly coossified throughout their entire 
length, while the spine of the fifth is cobssified only at the top and the bottom 
with that of the fourth sacral, and medially there is an elongated foramen between 
these spines shown at / in fig. 15. The spines of the two anterior sacrals rise nearly 
perpendicular, those of the third and fourth are directed somewhat backward, while 
that of the fifth is again directed forward to meet at the apex that of the fourth 
sacral. The spines of the first, second, third and fourth sacrals bear diapopbysial 
laminai, and at the summit these expand into prominent rugosities. 

The diapophyses of the first and second sacrals are directed outward, forward and 
a little upward, nearly paVallel to one another, 'fhose of the succeeding sacrals are 
directed outward, backward and a little upward, parallel to one another, but that 
of the third meets that of tlie second in an acute angle at the base of the diapophy- 
sial lamina, forming a letter V with the apex directed toward the spine. The dia¬ 
pophysis of the third sacral is formed by the union of branches from the diapophysial 
laminae of the second and third sacral spines. 

All the parapophyses (sacral ribs) of the right side are present and nearly com¬ 
plete. d’hey all show sutural surfixees for articulation with the sacral centra and 
with the ilium. The parapophyses are shown in position in the view of the sacrum 
from the light side seen in Fig. 15, while comparative front views of the individual 
parapophyses are given in Fig. 16, a, h, c, d, e, which represents the series from the 
first to the fifth, respectively. Of the five parapophyses the first is the more slender. 
It is triangular in outline, with an emarginate base describing a nearly complete semi¬ 
circle. It may be described as composed of a horizontal and ascending branch. The 
surface for contact with the centrum is not greatly expanded. There are two sur¬ 
faces for contact with the ilium, one inferior, the other superior and separated by a 
distance of about 215 mm. The inferior of these surfaces is more pronounced and 
both show prominent rugosities. The anterior surface of this bone is convex, the 
posterior concave. Between the inferior and superior surfaces for contact with the 
ilium there was an elongated foramen enclosed externally by the ilium and in¬ 
ternally by the ascending branch. 
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In the parapopliysis of the second sacral the horizontal branch has become vei’}’ 
strong and much expanded at either extremity for contact with the centrum and 
ilium. The ascending branch is broad but very thin, and presents at its extremity 
only a small rugositj' for contact with the ilium. The foramen between it and the 
ilium was broader than that separating the same branch of the preceding pai’a- 
pophysis. Immediately above the surface for contact with the centrum there is a 
rugosity which doubtless gave support to the descending branch of the diapophj'sis, 



Fig. 15. Sacrum of Haplocanihosaurus xitterbackij seen from right side, iV^iatural size, a, anterior 
extremity ; jo, posterior extremity ; 7, 2^ 5, . 4 , 5, spines of first to fifth sacrals ; /, foramen between spines 
of fourth and fifth sacrals. 



Fig. 16. Anterior view of disarticulated parapophyses (sacral ribs) of Haplocanthosaiiriis iitterhacki^ 
tV natural size, a to e, first to fifth respectively; surface for contact with sacral centrum ; .r, inferior 
surface for contact with ilium ; z, superior surface for contact Avith ilium. 

but it would appear that the diapophysis and parapoph^^sis were not in contact 
throughout their entire length, but were separated for a considerable distance b}^ an 
elongated foramen. The external extremity of the horizontal branch is greatly 
expanded transversely so as to unite with the same element in the succeeding para- 
pophysis, to form the acetabular bar and give additional support to the ilium. 

The parapopliysis of the third sacral diffem fi’om that just described in its shorter 
horizontal branch and narrower and more slender ascending branch. The shorten- 
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iiig of tlie horizontal branch is of course brought about by the inward curvature of the 
ilium in the region of the acetabulum. 

The fourth parapophysis differs from all the preceding in its widely expanded 
ascending branch which curves very gently backward. The horizontal branch is 
stout and longer than that of the third parapophysis. 

The fifth and last parapophysis differs from all the preceding in the absence of 
any ascending branch. The horizontal branch is greatly expanded vertically, and 
the articular surface for the ilium is elongate so as to give support to the ischiac 
peduncle and posterior blade of the ilium. The principal characters of the para- 
pophyses are well shown in the accompanying figures. 

Only the centi’a of the fourth and fifth sacrals are preserved. Fortunately these 
are well preserved. The parapophyses of the right side fit very Avell wlien adjusted 
to their respective vertebne. Neither of these vertebne show any marked enlarge¬ 
ment of the neural canal. They are both constricted medially, and the distal 
extremity of the fifth is considerably expanded for contact with the first caudal. 
The centrum of the fifth sacral is decidedly heavier than that of the fourth. 

The principal measurements of the different sacral elements in tlie type of the 
present species are as foliow^s : 


mm. 

Distance along crest of the five coossified sacral spines. 460 

four anterior “ . 375 

‘ ‘ from anterior zygapopliyses of first sacral to posterior zygapophyses 

of fifth sacral. 575 

Expanse of diapophysis of third sacral. 375 

Greatest length of horizontal branch of first parapophysis. 213 


height of ascending ‘ 

‘‘ length of horizontal ‘ 

height of ascending ‘ 

length of horizontal ‘ 

height of ascending ‘ 

‘‘ length of horizontal ‘ 

‘‘ height of ascending ‘ 

‘‘ length of horizontal ‘ 

Length of fourth sacral centrum . 
Depth “ “ 

Width '' '' 

Length fifth “ 

Depth ‘‘ 

Width ‘‘ 


U (C 

“ second 

ic a 

third 

a c( 
fourth 

‘‘ fifth 


u 

ce 


at posterior end. 


300 

146 

300 

128 

277 

150 

250 

225 

132 

166 

132 

120 

182 

181 
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The Caudah. (Plate II., Series 5.) 

Onl}' the seven anterior caudals are preserved in the type of the present species 
and these differ veiy little from the same vertebrae in H. priseiis, except that the 
transverse processes are less well developed and not so much expanded supero- 
inferiorly. Owing to the age of the individual the neural arches and transverse pro¬ 
cesses are not coossified with their respective centra although those of the first two 
are still held in place. The neural spines are short and stout and very rugose. 
That of the first is curved rather strongly backward. All the centra are ver}- short 
and biconcave. The anterior zygapoph37ses are acutely wedge-shaped and extend 
well forward with the articular surfaces facing decidedly more inward than upward. 
The posterior z^'gapophyses are oid}" fiattened surfaces at the bases of the neural 
spines. The transverse processes are suturally connected both with the centra and 
the neural arches. 

The Vertebral Formula. 

From the foregoing descriptions of those portions of the vertebral column pre¬ 
served in the type of the present species and in that of H. imscus it vdll have become 
apparent that we must await future discoveries to determine \vith accuracy the 
vertebral formula of Haplocanthosaurus. The number of sacrals howeA'er ma}'^ be 
considered as being definitely fixed at five, while the number of dorsals could not 
have been less than fourteen, thirteen of which are represented in the skeleton con¬ 
stituting the type of H. utterbaFd. In this skeleton it would appear that onl}" the 
first dorsal is missing, and fortunately that vertebra in the type of H.' prisciis was 
found interlocked b}'^ its zygapophyses with the last cervical. Although the various 
vertebrae in the anterior dorsal region of the type of IT. ufterhacki were for the most 
part found in such a scattered and disarticulated condition as to afford little direct 
evidence concerning the exact positions relative to one another which the}^ occupied 
in the skeleton during the life of the animal, yet a close examination and careful 
study of the vertebrae has convinced me that there are no duplicates among the 
thirteen dorsals described and that there can be no question but that all of the thir¬ 
teen are dorsals and that they pertained to the skeleton of one and the same indi¬ 
vidual. That the first dorsal is wanting in this skeleton is shown b}^ a careful com¬ 
parison of the neural arch and spine of the most anterior of this series with that of 
the known first dorsal in H. 2 ^'>’iscus, from which, as has been shown in the descrip¬ 
tions, it differs materially and in the direction of those characters which \ve should 
expect in the succeeding or second dorsal. For these reasons I have referred this 
spine to the second dorsal although the centrum which was found detached and 
separated, but which in the description and figui’e I have associated with this spine 


HATCHER : OSTEOLOGY OF HAPLOCANTHOSAURUS 


:^9 

may, as 1 have already remarked, pertain to the first dorsal. I do not think it at 
all probable that more than one dorsal is missing from the series in H. utterhacki and 
it is with a feeling of considerable confidence that I place the number of dorsals in 
this species at least, at fourteen. Fully realizing the (diaracter of the evidences 
upon which I have arrived at this conclusion I have spared no pains to present to 
the student all the evidence furnished by the material at my command, both as 
regards its anatomical characters and the position in which the different bones were 
found in the quarry. Aided by the accompanying diagrams and with the type 
material at his disposal the future student will be in full possession of all the evi¬ 
dence in the case and will therefore be in a position to decide for himself as to the 
worth of my conclusions.. 

In placing the number of free dorsals at fourteen I am fully aware that this is a 
considerable advance over the number that has of late come very generally to be 
considered as characteristic of other members of the Sauropoda {Diplodocus, Bronto¬ 
saurus, Morosaurus). Considering however the less specialized nature of the present 
genus and the great differences seen, in other important characters, when compared 
Avith the genera just mentioned I do not consider tins increase in" the number of 
dorsals as at all remarkable, for it is not at all impossible that the earlier ancestors of 
Dqjlodocus, Brontosaurus and Morosaunis were provided Avith an equal number of 
free dorsals and that the reduction to ten in each of those genera may be regarded 
as a specialized character attendant upon and Avhich took place along Avdth that re¬ 
markable specialization AA’hich, as is aa'cII knoAvn, they must haA^e undergone in other 
respects and Avhich is most marked in that exceedingly complicated arrangement of 
laminre and buttre.sses seen in the doi-sal and cervical vertebrae of those genera. 

It Avill doubtless have been remarked that in describing the cerAucals I have 
placed the number of Amrtebrae of this region at fifteen, the number present in Diplo- 
docus. It must be admitted, hoAA’ever, that the material at hand does not afford a 
very reliable basis for determining the number of cervicals and I should not be at 
all surprised if the actual number of cervicals in llxiplocanthosaurus should prove to 
be one or tA\m less than in DipJodocus. In placing the number at fifteen, as in the 
latter genus, I assume that Haplocanfhosaurus Avas provided Avith four more pre- 
sacrals than Avas iJiplodocus. While my estimate of the number of cer\dcals in the 
present genus may prove to be too great, it is hardly possible that it aauII be reduced 
b}" more than tAvo. This would still give to Haplocantliosaurus tAVo more presacrals 
than are present in Diplodocus. It AA'^ould thus appear that in the ATirious genera of 
the Sauropoda the number of presacrals differed and that the number of cervicals is 
not entirely dependent upon an increase or decrease in the number of dorsals in any 
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genus within the group. Still it is easily conceivable that in any genus or species 
the presacral formula might vary, without increasing the total number of presacrals 
in the individual, according as the exact position in the presacral series at which 
the change from cervicals to dorsals took place, and I am inclined to the opinion 
that as a rule in any given genus of the Sauropoda where marked specialization has 
taken place, there has been a tendency to increase the number of cervicals at the 
expense of the dorsal series, due to the gradual shifting of the pectoral girdle from 
a more advanced to a more posterior position, by which process anterior dorsals 
have been transformed into posterior cervicals and the cervical region considerably 
elongated at the expense of the donsal. ■ An extreme instance of this is to be seen in 
Diploclocus carneg'd where the disparity in length in the neck and dorsum, probably 
due primarily to the increased number of cervicals and decreased number of dorsals, 
has been still further emphasized by the proportionate length of the individual 
vertebrae in the two series. 

If, as does not seem improbable, the total number of presacrals was ever de¬ 
creased in any genus it would appear to have been more readily accomplished bj^ 
the successive elimination of the less specialized, or at least more simple, anterior 
cervicals than by the disappearance of the extremely complicated dorsals. Nor 
does it seem probable or even possible that such a decrease in the number of presac¬ 
rals could have been brought about by the gradual shifting of the pelvic girdle to a 
more anterior position. Such an'•hypothesis presupposes the addition to the sacrum 
of successive posterior doi*sals and the liberating of posterior sacrals as anterior cau- 
dals, an hypothesis which to the present writer appears unworthy of serious con¬ 
sideration. As to the total number of caudals in the present genus we have nothing 
upon which to base anything like a reliable estimate. From the character of the pos¬ 
terior five or six of the series of nineteen anterior caudals in the type of H. priscm 
we may judge that while the tail was relatively short the number of caudals was 
considerable and probably not less than forty. The increased number of caudals is 
indicated in the first place by the character of the chevron found attached to the 
thirteenth caudal and which, as already remarked, resembles in general form the 
chevron of a caudal occupying a more anterior position in Dijilodocm. ^Moreover, the 
very gradual change which is seen to be taking place in the posterior caudals of the 
series preserved in the type of H. prisom indicates a very considerable number of 
posterior caudals as having intervened Ijetween the last of the series and the end of 
the tail. The extreme shortness of the centra in the caudals of Haplocantliosaurm 
may be considered as sufticient proof that the tail was proportionately rather short 
as compared with that of Diplodoms. 
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After a careful consideration of all the evidence ’at hand the following is sub- 
niitted as the approximate vertebral formula in the present genus. Cervicals 15 ; 
Dorsals 14 ; Sacrals 5; Caudals not less than 40 . 

Below I give the principal dimensions of the several vertebras pertaining to the 
t 3 fpe of the present species. Some of these dimensions have been materially altered 
by crushing in such manner as to cause apparent inconsistencies. They should onlj" 
be taken as representing in a general wa}' the dimensions of the various vertebras. 

In column 1 the greatest expanse of the transverse processes is given, column 
2, greatest length of centrum ; column 3, transverse diameter of centrum at posterior 
extremit}"; column 4, hight of neural spines above middle of inferior border of 
centra in presacrals and above inferior border of posterior end in postsacrals. 
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The Pectoral Arch. (Figs. 17, 18, 19.) 

Onl}'the left scapula (Figs. 17 and 18) and right coracoid (Fig. 19) are preserved. 

The Coracoid (Fig. 19). — The external surface of this bone is regularly but 
gently’ convex. The internal surface is concave. The anterior and inferior margins 
are for the most part thin, but at the antero-inferior angle the margin is thickened 
and presents an elongated rugosity shown at a 140 mm. in length and 40 mm. in 
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greatest breadth, probably for the ligamentous articulation of the sternum. The 
surface for articulation with the scapula has a length of 150 mm. and a greatest 
breadth, at its junction with the glenoid border, of 90 mm. The coracoid forms 
about one half the glenoid cavity and the glenoidal surface meets the surface for 
articulation with the scapula at an obtuse angle. Between the inferior margin of 
the glenoid cavity and the inferior l)order there is a rather deep notch in the pos- 



Fig. 17. Posterior view of left scapula of H. ufterbacki ; glenoid surface, natural size. 

Fig. 18. External view of same ; g, glenoid surface ; c, surface for coracoid. 

Fig. 19. External view of right coracoid of H. utferbacki ; s, surface for scapula ; g, glenoid surface ; 
a, rugosity for supposed contact with sternal, xV natural size. 

terior border of the coracoid. The foramen is large and is situated about 35 mm. 
beneath the coi’aco-scapular suture. It is elliptical in outline with the vertical 
diameter the longer. The dimensions are 57 mm. for the vertical and 30 mm. for 
the transverse diameter at the external opening. The distance from the glenoid 
border to the sutural surface at the antero-inferior angle is 295 mm. The distance 
from the postero-infeiior angle to the anterior border just beneath the coraco-scapular 
suture is 350 mm. 

The Scapula (Figs. 17 and 18). — The scapula displays the extreme development 
of that form shown in Morosaurus with broadly expanded extremities. I cannot 
describe the charactei’s better than to give the measurements. The breadth of the 
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scapula at the proximal end is 372 mm., at the distal ® 396 mm. and in the middle 
only 137 mm. Between the spine and the coraco-scapular suture there is a broad 
but shallow cavity on the external surface of the scapula. Above this ridge, how¬ 
ever, the external surfece of the scapula is convex in all directions. The total length 
of the scapula from its superior or proximal end to the coraco-scapular suture is 800 
mm. The accompanying figures show very well the form and principal characters 
of this element. 

From the foregoing description of the types of the two species of Haplocanthosau- 
rus at present known and from the accompanying measurements and figures it will 
appear that as compared with DlplodocMs the present genus was represented by 
animals with the thorax somewhat more elongated and with neck and tail relatively 
shorter than those which obtained in representatives of the former genus. While, 
judging from the femur, the only element of the limbs at present available, the ap¬ 
pendicular skeleton was relatively strong when compared with the axial. 

Distinctive Generic Characters. 

The principal characters distinguishing the genus Haplocanthosanrns may be 
summarized as follows: 

First.— Neural spines short and simple {not branched) throughout the entire verte¬ 
bral column. 

Second. — Neurcd spines of the anterior sacrals cobssified, forming an elongated bony 
plate. 

Third. — Height of neural arches in posterior dorsals exceeding letigth of neural 
spines. 

Fourth. — Transverse processes of the antei'ior and mid-dorsal regions inclined up- 
'ward and outward instecul of directly outward. 

The two species described above may be distinguished as follows by their respec¬ 
tive sacra. 

IIai'locanthosaurus rriscus. — With neurcd spines of the three anterior saerals 
cobssified, those of the two posterior remaining free. 

Haplocanthosaurus utterbacki. — With neurcd spines of the four anterior saa- 
rals cobssified throughout their entire length and with that of the fifth sacred, cd the top and 
bottom. 

Taxonomy. 

All systematists will, I think, agree with me in placing the present genus 
among the Sauropocla. The scapula, coracoid, pelvis and sacrum, as well as the 
presence of large pleurocentral cavities in the presacral centra, together furnish 

consider that end of the scapula which opposes the humerus as the distal. 
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conclusive evidence as to its affinities with that group of the Dinosauria. Never¬ 
theless there are a few characters, such as the elongated neural arches and compara¬ 
tively short and absolutely simple neural spines of the dorsal and posterior cer\dcal 
series, the conformation of the transverse processes and position of the capitular rib 
fiicets, which are different from any other known membei- of the Sauropoda of North 
America and are more nearly paralleled by the characters which exist in the verte- 
biTTe of this region in some members of the Predentata, more especially in Stegosaurus, 
where, as in Haplocanthosaurus, the neural spines are short as compared with the ele¬ 
vated neural arches from the summit of which, in each case in the posterior dorsals, 
the transverse processes spring and diverge from the bases of the {perpendicular 
spines at angles of about 45° instead of being directed horizontally as is the usual 
manner in the Saaro^joda. The {Presence of characters so similar as those just men¬ 
tioned in re{jresentatives of the Sauropoda and the Predentata while certainly not 
indicative of any very close relationship may {perhaps be considered as evidence of a 
I'emote common ancestry for the two groujps. If this view be taken, tliese characters 
possessed in common would be considered not as {parallel or analogous characters de- 
velo{ped independently in each instance, but as {persistent {primitive characters which 
were {present in their remote but common ancestoi’s. As the develo{pment of the 
two groups progressed and they became more and more differentiated, such charac¬ 
ters {proved advantageous and became more emphasized in the Predentata while in 
the Sauropoda, wdiere for some reason they were not particularly advantageous, they 
were gradually eliminated and disa{P{Peared altogether in the more highly specialized 
forms though persisting in the more primitive Haplocantliosaurus. It is by the pres¬ 
ence in common, among the Sauropoda, Theropoda and Predentata, of such charac¬ 
ters as those just described, that the student of the Dinosauria will find the most 
trustworthy evidence as to the actual relationships or want of relationships in the 
three grou{PS. Not until a considerable number of genera pvithin each group are 
known from a detailed study of the osteology of fairly com{plete skeletons will it be 
possible to {pronounce with any degree of certainty even upon the question as to 
whether the Dinosauria is a natural grou{P as maintained by Marsh or an entirely 
unnatural one, without any right to existence, into which has been thrown three 
distinct groups, totally dissimilar and with nothing in common, as was held by the 
late Dr. George Baur. In the discussion of this question however there are several 
points which sliould be constantly kept in mind by the advocates of either ’\uew. 
Among these are: 

First.— Those who are opposed to considering the Dinosauria as a natural grou{p 
should bear in mind the great antiquity that must be accorded to that group Avhen 
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considered as eonstitilting a single group. Evidenee of sueli antiquity is found not 
alone in the great diversity exhibited by the three subdivisions into which the 
group as a whole has been divided but by the diversity and specialization exhibited 
by the different families, genera and speeies within each of these three subdivisions, 
As yet we know comparatively little of the earlier Dinosauria and the group if in 
reality it be a natural one is at present represented in our museums for the most 
part only by the later and more speeialized forms. Of the Sauropoda we know only 
those forms which lived just prior to their extermination when they were already 
highly specialized. Consider for a moment the enormous time interval which must 
have been neeessary for the development of a reptile like DipJodocus. Yet his 
remains are found associated in the same quarry with those of Haplocanthosaurm. 
the most primitive Sauropod known, and the entire range of the Sauropoda through¬ 
out the geologieal column in North America so far as at present known is limited 
to certain horizons in the Jurassic or Lower Cretaceous of some authors, with a ver¬ 
tical thickness never exceeding a few hundred feet, and from the top to the bottom 
of whieh there are always found forms which are highly speeialized, conclusive 
proof that the paleontological record is exceedingly incomplete as regards this 
group. 

Although the time distribution of the Therapoda and PredenkUa as we now kmjw 
it is more considerable than that of the Sauropoda yet it is by no means complete 
and we know little of the earlier forms of either of these divisions. The wonder 
therefore is not that the three divisions as we now know them should show so little 
in common, but rather that, considering their great antiquity and early differentia¬ 
tion, they should have continued to possess in common even such characters as they 
do show. 

Second.— Although due weight should be given to every marked and important 
difference in structure it should nevertheless be borne in mind that every charaeter 
-possessed in common by these three divisions or by any two of them should be eon- 
sidered as an evidence of relationship until definitely proved to be fortuituous or as 
having been developed independently in each instance. 

Third.— It is in the, as yet undiscovered, earlier and more generalized members 
of these groups that we must look for those eharaeters whieh will throw most light 
on this question. If future explorations should be rewarded by the diseovery in 
the early or middle Trias of a eonsiderable number of representatives of eaeh of the 
groups whieh we now refer to the Dinosauria, and if together they were shown to 
possess many characters in common and to approach one another much more nearly 
than do the Jurassic and Cretaceous forms, this evidenee would be considered as 
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strongly fovoring the including of them all in a single group, the iJlnosauria. If on 
the other hand they were found to show little in common or ^vere even more widel}" 
separated than are the later forms from the Jurassic and Cretaceous then there 
could be no reasonable grounds for considering the Dinosauria as a natural group 
and it would become necessary to discard that term, at least in the sense in which 
it is at present used. 

Since liowever as has been shown in Haplocanthosauriis, the Scmropoda and Prc- 
dentata do possess certain important anatomical characters in common and since in 
this the most generalized genus of the group at present known the relationships 
betw'een tliese two gi’oups are more apparent than in the more specialized genera, 
Diplodocu-^, Brontomiirui^, etc. It is reasonable to suppose that in the yet undis¬ 
covered but still more generalized forms greater similarity in structure will be found. 
^ioreo\ er from our present knowledge the relationships between the Sauropjoda, Prc- 
dentata and Tlieropoda, as has already been pointed out by Marsh, is indicated by 
a number of important characters possessed in common such as : 

“ 1. Teeth with distinct roots cither fixed in more or less distinct sockets or in longitudi¬ 
nal grooves, never ankylosed, no palatal teeth. 

“ 2. Skull with superior and inferior temporal arches. 

“ 3. Double-headed cervical and. thoracic ribs. 

“4. Sacred vertebree cobssified and more numerous than in other reptiles, seldom les.'i 
than five. 

“ 5. Ilium extended in f ront of acetabulum, in the constr uction of ivkich latter the ilium, 
ischium and pubis take pmrt. 

“ 6. Fibula complete. 

“ 7. The reduction in the number of digits commences with the fifth." 

The present author is, therefore, of the opinion that the Dinosauria should be 
regarded as a valid and distinct group for the exact definition and description of 
which we must await further discoveries as also for definite proof that the different 
groups now included in it are actually related. 

Admitting that the Dinosauria do constitute a natural group we have next to 
consider the rank that should be accorded to it in any general scheme looking to a 
classification of the Animal Kingdom as a Mdiole. Here again we find there has 
been great divereity of opinion. Without reviewing the various opinions that have 
at various times been expressed upon this subject it would appear to the present 
author, that, in consideration of the diversity in form, structure and habit which are 
found withing this group where some membei’s are carnivorous and others herbiv¬ 
orous, some quadrupedal and othere bipedal, some heavily armored and others un- 
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ariHored and with all the many and diverse anatomieal charaetei’s shown in their 
osteology which might reasonably be expeeted from sueh diversity of habits, there 
would seem good reasons for eonsidering the Dinosauria as deserving of the rank of 
a subclass of the Reptilia eomparable for example with the Metatheria of the 
Mammalia and divisible into three orders for each of which seA^eral names have 
been proposed by various authors. Of all these, those proposed by INIarsh appear to 
the present writer to be the most appropriate, these are : 

1. The 'fHEROPODA ; Erahracimj all the camivvrcms tlinomrus. 

2 . The Sauropoda ; Embracing all the herhirorous forms in which the pi’edentary is 
vmiting. 

3. The Predentata ; Embracing all the herbivorous forms in which, the yredcnitary 
is present. 

In accepting the terms Thcropoda and Saaropoda rather than Megalosauria and 
Cetiosauria I do so out of regard for the more eomprehensive nature of those terms 
as used by ^larsh. The latter terms as used originally by Fitzinger {Mcgalosauri), 
1843, and Seeley, 1874, respectively, I consider of suboi'dinal rank only, Pred.entata, 
Marsh, is preferable to Orthopoda, Cope, because it is in no sense coordinate with the 
latter but a much more comprehensive term. Cope’s Orthopoda and the Ornithopoda 
of Marsh (not Huxley) are more nearly synonymous. 

Some authorities have considered the Sauropoda of IMarsh (1878) as a synonym 
of the Opisthocoslia of Owen (1859). But this apjrears to me ejuite unwarranted. 
For the latter term, although having priority, was never adetpiately define<l by 
Owen. It was originally proposed as a suborder of the Crocodiliu ~ and w'as ehar- 
acterized as embracing membei’s of that group with opisthocoelous dorsal and cervieal 
vertebrfe. Owens’ original definition of the Opisthocrelia was as follows : “The small 
group of Crocidilia, so called, is an artificial one based upon more or less of the 
anterior trunk vertebne being united by ball-and-socket joints, but having the ball 
in front, instead of, as in modern crocodiles, behind.” As is now Avell known, the 
above eharaeter in no way distinguishes these dino.saurs from members of either the 
Theropoda or Predentata, and on the same page, in defining the order Dinosauria, 
Owen deseribes the eervieal vertebme as being opisthoccelous in some species. It is 
thus clear that Owen not only did not adecpiately define his ]n-oposed suboi’der 
Opisthocoelia, but that he did not recognize its real relationships as being with the 
Dinosauria rather than the Crocodiliu. The character given distinguishes it from 
the Proccelia or true Crocodilia, but should be considered as uniting it with, rather 
than separating it from, the Theropod and Predentate dinosaurs, for as has already 

^See Report 29th meeting Brit. Assoc. Adv. Sci., 1859, pp. 164, 165. 
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been stated this character is possessed in common by members of lioth these groups. 
While Cetioscnmis is an undoubted member of the Sauropoda (Ojnsthocoelia) as 
determined by Owen, this fact does not serve to define properly the latter term which 
remains a nomen nudum, while the Sauropoda, proj)osed and defined by ]\Iarsh in the 
American Journal of Science for November, 1878, I3age 412, should be accepted as 
the first adequately defined name for this group of dinosaurs. 

In projiosing the term Sauropoda for this group of dinosaurs in the paper just 
cited Marsh adds: 

“ The most marked charactei’s of this grouf) are as follows: 

“ 1. The fore and hind limbs are nearly equal in size. 

‘‘ 2. The carpal and tarsal bones are distinct. 

“3. The feet are plantigrade, with five toes on each foot. 

“4. The precaudal vertebnn contain large cavities, apparently pneumatic. 

“ 5. The neural arches are united to the centra b}^ suture. 

“ 6. The sacral vertebree do not exceed four, and each supports its owm transverse 
process. 

“ 7. The chevrons have free articular extremities. 

“ 8. The pubes unite in front by ventral symph 3 ^sis. 

“ 9. The third trochanter is rudimentary or wanting. 

“ 10. The limb bones are without medullary cavities.” 

Although the subsequent discovery of more complete material has shown that 
No. 6 of these characters is erroneous, and that certain others are possessed in common 
by some members of the Theropoda and Predentata, yet IMarsh’s original definition 
^still remains fairly diagnostic of the group, and the term Sauropoda should, there¬ 
fore, it appears to the present ^vriter, be accepted. 

Whether this group should be considered as of only subordinal rank, as originally 
proposed b}' Marsh or as-of ordinal value as considered in his later publications, is a 
question concerning wdiich there is at present no unanimity of opinion. Each 
student must, for the present at least, determine for himself the rank to be assigned 
such groups, and such decisions will necessarily be determined b}", and vaiy accord¬ 
ing as certain characters are considered as of greater or less importance by the dif¬ 
ferent investigators. Without going into an extended discussion of this question the 
present author feels warranted in considering the Sauropoda as a distinct order, com¬ 
parable for instance with the Ungulata among the Eutherian Mammalia, or the Dipro- 
dontia among the IMetatheria, according to Gadow’s “ Classification of the Vertebrata.” 

It now remains to discuss the relations of the genus Haplocanthosaurus to the 
various genera and families of the Sauropoda that have already been proposed. 
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This will be the more easily understood if we first notice briefly the principal char¬ 
acters of the different families within that order. 

Marsh has divided the Sauropoda into six families which he has named as fol¬ 
lows : [1) Atlantosauridx; {2) DiplodocidiS; (3) Morosauridce; {4) _Pleuroc(elidx; (5) 
Titanosauridie; (6) Cardiodcmtidse. 

As already stated in my memoir on DipJodocus, when discussing the taxonomy 
of that genus, it is not improbable that the number of families recognized by Marsh 
is too great and should be somewhat reduced. However it would seem premature 
to attempt a revision of the genera and families of this group until the large and 
splendid collections recently brought together by the Carnegie Museum, the Ameri¬ 
can Museum and the Field Columbian Museum have been thoroughly studied. It 
is safe to say, however, that no such reduction in the number of families as that 
proposed in the second Amiume of the English edition of Zittel’s “ Text-Book of 
Paleontology ” Avill become necessary. Nor Avill it be found necessary or desirable 
to associate in the same family genera so different as are Brontosaurus and Moro- 
saitrus as was done in the volume just cited. 

From the foregoing description of the types of Haplocanthosaurus priscus and 
H. iitterhacki it Avill readily appear that the affinities of that genus are Avith the 
Morosauridre. The relationships Avith that family are shoAvn by the expanded 
superior extremity of the scapula ; the general form of the different pelvic elements, 
more especially the pubes and ischia; the simpler strueture of the presacral verte- 
brjB; the short spines of the dorsals and sacrals; the biconcave centra of the cau- 
dals and in the relatiA'e breadth and height of the sacrum. While the relationships 
Avith the Morosauridsc are clearly indicated by the presence of these and other char¬ 
acters of scarcely less importance, yet there are present certain characters even more 
marked than most of those Avhich at present serve to distinguish even the most 
widely separated families of the Sauropjoda noAv knoAvn. These are the perfectly 
simple neural spines of the anterior doi'sals and posterior ceiwicals; the different 
position in the sacrum of the sacrals Avith coossified sacral spines ; the greater num¬ 
ber of dorsal vertebrte and the much simpler strueture of the individual A^ertebrge 
throughout the entire vertebral column. Such differences as these Avill doubtless be 
considered by some as of family or at least subfamily importance. Since, for the 
most part at least, they are only such differences as Ave might reasonably expect to 
find among the more primitive and less highly specialized members of that family 
I prefer to regard Haplocanthosaurus as pertaining to the Morosauridce and including 
species the most generalized of any yet known in that or any other family of the 
Sauropoda. 
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It is easy to see how the slight emarginations at the summit of the neural spines 
in the anterior doi-sals and posterior cervicals of H. utterbacld might become succes¬ 
sively more and more emphasized until they became actually bifid, at least to the 
extent that obtains in Moromurm. Nor is it impossible that’while specialization 
was taking place along this particular direction, the centra, transverse processes, etc., 
may ha\"e assumed a more and more complicated structure. It is by some such 
process as this that the present author conceives that Morosaurm was developed 
from some earlier and more primitive form which was alike ancestral to that genus 
and Haplocanthosaurus, the latter, however, being less progressive than the former, 
became less modified and preserves more nearly the general form and character of 
their common ancestral stock. 

Although reiDresentatives of both genera lived contemporaneously, as is shown 

the presence of undoubted remains of both in the Canyon City quarry, it is more 
than probable that Morosaurux long survived the other since remains of that genus 
are abundant near the top of the Jurassic in southern Wyoming while as yet no 
remains of Haplocanthosaurm are certainly known to have been obtained there. 

Relations of Haplocanthosaurus to European and South 

American Forms. 

iVs yet we have only discussed the relations of the present genus with North 
American representatives of the Sauropoda. It now remains to notice briefly tlie 
relations of this genus with certain forms from Europe and South America witli 
which it seems to show some relationships. 

Chonch'ostcosawrus compared with Haplocanthosaurus. 

The characters exhibited by the vertebral centra of Haplocanthosaurus are some¬ 
what similar to those shown in Chondrosfeosaurus gigas Owen, founded on the cen¬ 
trum of an anterior dorsal or cervical vertebra from the Wealden of the Isle of 
Wight and described and figured in Supplement (No. VI.) to the Monograph of the 
Fossil Reptilia of the Wealden and Furbeck Formations; pp. 5 to 7, Plates H-V, of 
Owen’s British Fossil Reptiles, London, 1S76. 

This resemblance is especially apparent in Plate II., Fig. 2, and Plate V., Fig. 1 
of the paper just cited. However the resemblances shown are not of a character 
which would indicate a closer relationship between Chondrosteosaurus and Flaplo- 
canthosaurus than between the former of these with any one of several other genera 
of the Sauropoda. Nor is it possible, owing to the fragmentary nature of the ma¬ 
terial upon which that genus was based, to decide with certainty even as to just 
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what family of the Sauropoda it pertained, althoiigh Owen’s statement that the 
transverse diameter of the centrum exceeds the vertical together with the broad, 
almost flat inferior surface and other characters indicated by the figures would seem 
to fix this centrum as pertaining to a median cervical of some member of the Moro- 
sauriclfe. 


Comparison of Haplocantliosa^irus iviih Bothriospondylus Owen. 

A comparison of the various characters exhibited by the species of Bothriospon- 
dyliis described by Owen in his Monograph on that genus published as part II., of his 
Reptilia of the Mesozoic Formations, pp. 15-26, Plates III.-IX., will show many strik¬ 
ing resemblances to Huplocanthosaurus and at first sight one might be led to believe 
that they pertain to the same genus as that to which the material under discussion 
pertains. A closer examination however will reveal several striking and important 
differences certainly to be regarded as 
of generic if not of family rank. Such 
distinctive characters are especially ob¬ 
servable in the sacral centra as will be 
seen by a comparison of Fig. 20 show¬ 
ing side views respectively of the fourth 
and terminal sacral centra of the type of 
Haplocanthosaaras utterhacki with the 
figures on Plates III. and IV., of the 
monograph just cited. As will be seen 
by an examination of Owen’s figures and 
text the median sacrals of Bothriospon- 
dylasare pi’ovided with both anterior and 
posterior parapophysial facets, while in 
Haplocardhosaurus as shown in Fig. 20, 

there is but a single facet, which in the centrum of the fourth sacral is median in 
position antero-posteriorly, but somewhat elevated above the median longitudinal 
line. Furthermore the pleurocentral cavities so conspicuous in the sacral centra of 
Haplocantho.murus beneath the parapophyses are entirely wanting in Bothriospon- 
dyhis. The cavities in the sacrals of that genus shown at /, Plate III., Figs. 2 and 
4, and Plate Rk, 4 and 5, of Owen’s Monograph lie above the parapophyses and are 
not homologous with the pleurocentral cavities. These characters as well as others 
of only less importance are quite sufficient to distinguish Haplocanthosaurus from 
Bothriospondylus. 



Fig. ZO. 

Fig. 20. 4. Centrum of fourth sacral of Haplo- 

canthoisaurus utterhacki seen from right side (Xo. 879). 
5. Same view of fifth or last sacral centrum of same. 
Both \ natural size. 
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ComiKirison of Haplocanthosaimis 'with Cetiosaunis Owen. 

Of all the British representatives of the Sau'ropoda perhaps the most striking 
resemblances to Haplomnthoscmrus are to be found in Cetioscmrus longus Owen, as 
shown in remains representing a considerable portion of a single skeleton discovered 
in 1868-70 in quarries of the Great Oolite of Enslow Rocks at Kirtlington Station, 



Fig. 21. Scapulae of Cetiosaurus longus Oweu, after Owea, yV natural size ; hh, surface for articulation 
with humerus ; c, surface for articulation with coracoid. 

eight miles north of Oxford, and showing so close a resemblance to the type of 
0. longus that it was used by Owen in his detailed description of that species in his 
Monograjjh on the genus Qetioscmrns in Fart IL of his British Fossil Pieptiles of the 



























HATCHER ; OSTEOLOGY OF HAPLOCANTHOSAURUS 


53 


Mesozoic Fonnations, pp. S5-43, Plate A", text figures 1-10. The I’eseniblances in 
these two forms are very numerous and are to be seen in the scapulse, as compare 
Figs. 18 and 21 ; the femur, the ilium and the vertebrie as figured and described 
by Owen in his iMonograph. Indeed, if the vertebra described as an anterior dorsal 
in the last paragraph on page 29 of his monograph is really an anterior dorsal 
this resemblance would seem to be more than superficial, for according to Owen’s 
description the neural spine seems to be quite simple and the diapophyses are de¬ 
scribed as being directed upward and outward at an angle of 45° with the neural 
spine, charactei’s precisely like those already described as obtaining in Haplocantho- 
sauni.'f. Unfortunately Owen does not figure this vertebra, and were it not for the 
fact that he de.scribes it as being msissive, one 
might readily believe on the evidence of this ver- / 

tebra alone that it pertained to a genus elosely 
related to or identical with those remains which 
I have made the type of HaplocantJiosaurus. 

However the vertebrm of Haplocanthosaurus can 
by no means be considered massive when com- 
[)ared with the vertebraj of other mendreis of the 
Sauroj:)oda. Moreo\'er, in Uaplocanthosuvrus the 
\'ertebrm show numerous large intra-mural cavi¬ 
ties instead of the elose, though cancellous tex¬ 
ture of these bones, resembling that which obtains 
in the whales, which is present in the British 
genus and which suggested the generic name 
Cetiosaurus. This difference in character would 
seem a very important one, if it were shown to 
exist in those \’ertebree of Cetiosaurus which are 
most cavernous in Haplocanthosaurus. There are, however, other and quite striking 
differences, notwithstanding the general similarity in the osteology of these two genera. 
The coracoid, according to Owen, is e.specially different, as will be apparent after a 
eomparison of Figs. 19 and 22. If Owen’s figure is eorrect the eoracoid of Cetio¬ 
saurus is without a foramen, a character which, if eorrect, is entirely unique, in so 
far as I am aware, among not only the Sauropoda but ithe herbivorous dinosaurs 
generally. It appears to me quite possible that Owen’s figure is erroneous and that 
the eoracoid is so distorted or imperfect as not to show a foramen in the example 
from which his drawing was made. It does not seem possible that sueh a striking 
difference could normally have existed in tlie coracoids of two genera otherwise so 



Fig. 22. Coracoid of Cetiosaitrus longus 
Owen, after Owen. natural size, sc, 
surface for scapula ; /t, surface for 

humei*us. 
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closely related as these genera appear to be and I would suggest a reexamination of 
the British specimen by those who may have access to it. While Haplocanthoscvuriis 
and Cetiosaurus are certainly generically distinct I believe they may pertain to the 
same famil}'. 

Although there are undoubted close similarities in structure between Haplocantho- 
.'caurus and the three genera of British Sauropods mentioned above, yet, if we can rely 
upon the character represented by a single vertebra, it is in South America that 
there has been found the remains of a Sauropod dinosaur showing the closest 
relations with this genus. I refer to the dorsal vertebra recently described and 
figured by F. Baron Nopsca ® and provisionally referred by him to Bothriospondyhis. 
From Nopsca’s figures, it will be seen that from the material at hand it is not 
generically distinguishable from Haplocanthosaiirus the corresponding vertebra of 
which it resembles very closely. Note for instance the simple neural spine, elevated 
diapophyses, high neural arches, reduced centra, character and arrangement of the 
various lamimc, position and character of the tubercular and capitular rib facets, 
all of which are characters similar to, indeed almost identical with, those found in 
the median dorsals of Hcqylocanthosaurus. Without claiming that the two are 
undoubtedly congeneric I wish to emphasize the veiy striking similarity in structure 
which they exhibit. 

From the above study of the material constituting the types of Haploccmiho- 
saurus jyriscus and H. iitterbacki the present author feels justified in regarding that 
genus as representing the least specialized member of the Sauropoda yet discovered. 
Of the families of Sauropoda already proposed its closest affinities are undoubtedly 
with the Morosauridse and I prefer to include it in that family rather than to erect 
for it a new family, although some will doubtless think it deser\dng of the rank of 
a distinct family, the Hap>lo<xmthosaiiridse. According to that classification of the 
Dinosauria which it appears to me is most acceptable, considering our present 
knowledge of the group, the taxonomy of HaplocanthosaurMS would be best expressed 
by considering it as a well-marked genus of the family Morosauridse of the order 
Sauropoda, subclass Dinosauria, class Reptilia. 

Probable Habits of the Sauropoda. 

Great diversity of opinion has been expressed by various authors regarding the 
habits of the different genera of Sauropod dinosaurs. Owen, on page 39 of his 
“ Fossil Reptilia of the Great Oolite,” speaks as follows of the probable habits of these 

^Sitzungsberichtcu der kaiserl. Akademie der Wissenschaften in Wien. Mathem. naturw. Classe, 
Bd. CXL., Abth. 1, Feb., 1902, pp. 108-114. 
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giant reptiles. “These enormous Cetiosauri may be presumed to have been of 
aquatic and, most probably, of marine habits. . . .” Seeley® at one time con¬ 
sidered representatives of the genus Bothriospondylus {Oniithopsis) as ^‘dearly 
ornithic” and this idea suggested to him the name Oniithopsis for those reptiles. 

Osborn in his memoir entitled “ A Skeleton of Diplodocus ” leans to the aquatic 
habits of these reptiles, holding that the tail is especially modified to function as a 
swimming organ and was provided distally with a “ vertical fin ” ! He believes the 
chief function of the tail to have been that of a propeller to aid the animal in swim¬ 
ming and that it functioned secondarily as a balancing and supporting organ. 
While holding that the Sauropoda (Cetiosaurs) are aquatic and quadrupedal, he 
infei’s that they were capable of mignition on land and of assuming both a bipedal 
and tripodal position, the tail when in the latter position functioning as a third 
support in conjunction with the hinder pair of legs. 

Mareh was the firet to advance the aquatic habits of Diplodocus, having con¬ 
sidered the position of the narial opening as suggestive of such habits. In his 
memoir on Diplodocus the present author accepted an aquatic life as that to which 
representatives of that genus seemed best adapted when considered from their anato¬ 
mical structure as a wdiole. I remarked in that connection “ That I was inclined to 
the opinion that Diplodocus was essentially an aquatic animal, but quite capable of 
locomotion on land.” 

So similar in general form and anatomical characters are the different genera of 
the Sauropoda that we may consider the group as a whole as a remarkably homo¬ 
geneous one, with quite similar though not identical habits characterizing most if 
not all of its representatives. It would seem therefore more advantageous to discuss 
the pi’obable habits and mode of life of the group as a whole than those of anj' 
particular genus. In any such discussion there are several classes of facts from 
w'hich evidence more or less important can be obtained bearing upon the subject. 
Among these may be mentioned the following : 

1. The anatoniiccd or osteological characters of the group. 

2. The nature of the other associated fossils including 'vertebrates, invertebrates and 
plants. 

3. The condition in which the remains are found imbedded in the matrix. 

4. The nature of the matrix in which the remains are found. 

Let us next consider in the order enumerated above the evidences afforded as to 
the life habits of the Sauropoda by these four classes of testimony. 

First: As to the evidence furnished by the osteological and anatomical char- 

Oniithopsis, a gigantic animal of the Pterodactyle kind, fi’om The Wealdcn.” Annals and 
Mag. of Nat. Hist.j 1870, p. 279. 
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aeters of the Sauropoda. As already observed, jMarsh has eonsidered the elevated 
position of the anterior nai’es in Diplodocus as evidence of an aquatie life. But this 
evidenee, although strongly presumptive, is by no means eonelusive, for there are 
among living terrestrial vertebrates similar eonditions, more espeeially among the 
mammalia aceompanied by habits which are in no sense aquatie, while such essen¬ 
tially aquatic or amphibious reptiles as the erocodiles, alligators and gavials have 
the narial opening in its normal position at the distal extremity of the snout. In 
like manner Owen’s remark that, “These enormous Cetioscmri may be presumed to 
have been of aquatie and, most probably of marine habits, on the evidenee of the 
eoarse eaneellous tissue of the long bones whieh show no trace of medullary eavity ” 
is not conclusive since some of the most strictly aquatie reptilia and mammalia, as 
for instance the INIanatee among the latter class have exceptionally dense and heavy 
bones. However this exception is not so important, as it might at first glanee seem 
to be, for it is a well-known fact that in the Manatee the bones have acquired greater 
density and increased speeifie gravity in order to aid these animals in retaining a 
submerged position while feeding on the aquatie plants found growing on the bot¬ 
tom of the shallow waters in which they live. It is clear that the feeding habits of 
the Sauropoda required no such modification of the osseous skeleton, and that ifi 
modified at all for aquatie habits, it was in the direction of a more open and eaneel¬ 
lous structure even than that which obtains in the Cetaeea and calculated not only 
to give greater buoyancy to these massive quadrupeds when in water but, in addi¬ 
tion, to give the greatest possible surface for muscular attachment compatible with 
the required rigidity and with the least possible weight. As Osborn, in speaking of 
the axial skeleton of Diplodocus, has truly remarked “ It is a mechanical triumph of 
great size, lightness and strength” Although the present writer eannot agree with 
Osborn in considering the chief function of the tail as that of a swimming organ, 
even in Diplodocus the most highly specialized member of the order, with the prob¬ 
able exception of Barosaurus; and while there seems to be no evidenee whatever of 
the presence of a vertical fin on the tail of that genus as suggested b\^ Osborn, I 
nevertheless believe that all the Sauropoda were aquatie to the extent that they fre¬ 
quented swamps, marshes, lakes and streams, that they were capable of swimming 
and that when moving about by that method the tail was a very efficient j^ropelling 
organ. From the character of the modification of the chevrons of the mid- and 
posterior caudal regions in all the Sauropoda, however, I believe that when in a 
normal position, whether on land or in Avater, the greater portion of the tail rested 
on the surface of the ground, and I am not prepared to say that its function as a 
balancing, sujjporting, or defensive organ, was secondary to its function as a swim- 
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ming organ. In arriving at any reasonably accurate conception of the habits and 
usual mode of locomotion of these dinosaurs the structure of the limbs would seem 
to be of the very first importance although they have not as yet been given more 
than a passing consideration in this connection. The limbs and feet are now pretty 
well known in several genera of the Sauropoda and in so far as the Jurassic forms 
are concerned their structure shows them all to have been strictly quadrupedal, with 
massive and rather long limbs and feet both behind and in front, the fore limbs with 
one or two possible exceptions being the shorter. In no instance yet discovered is 
there any marked or e\'en noticeable tendency toward abbreviating or subordinating 
the limbs along the lines so universally charaeteristic of the aciuatit- or amphibious 
recent reptilia or mammalia. The structure of the limbs and feet in all the Sauro- 
pod genera, where those elements are known, furnish to my mind conelusive evi¬ 
dence that they were first of all ambulatory organs whose usual and normal func¬ 
tions were to give support to the bod)^ and enable the animal to walk about o^"er 
the dry earth or to wade in the shallow rivers, swamps, lakes and other waters 
while in search of food. When engaged in the latter occupation their great size 
aided by their long necks would enable them to essay waters of no inconsiderable 
depth with little inconvenience. 

Second: As to the character of the associated fossils. 

Wherever remains of Sauropod dinosaurs have been found in this country, there 
has been found associated with them in more or less abundance the remains of 
Theropod and Predentate dinosaurs. The classic quarry near Canyon City, Colorado, 
where the tyjies of the two species of Haplocanthosmtrus described above were found 
has also yielded remains of Dlplodocus, Brontoscmrus, dforosaurus,, Cemtosaurus, 
AUomurus, and Stegosaurus, besides other dinosaurs, crocodiles, turtles, fishes and 
diminutive mammals all from the immediate sandstones in which the dinosaurs 
occur. While in the adjacent elays there are numerous small lenticular masses of 
limestone abounding in fresh-water gasteropods and remains of small fresh-water 
plants. And in the clays themselves at a few especially favored localities the shells 
and casts of several species of Unio occur in great abundance. The character of the 
fauna and limited flora found assoeiated with these dinosaurs, whether considered 
individually or as an assemblage is not what wovdd be regarded as strictly ac|uatic. 
Such aquatic forms as are found like the l)ivalves, gasteropods, fishes, turtles and 
erocodiles indicate for the most part shallow waters or at least streams and lakes of 
only moderate extent and depth. 

Third: The eondition of the remains as they lay imbedded in the matrix will 
afford some evidence as to the habits of the Sauropoda, for it is evident that if these 
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ponderous reptiles were actually aquatic they would require bodies of water of no 
inconsidei’able dimensions and depth for their accommodation and it is not at all 
reasonable to suppose that when overtaken by death either through disease, old 
age or the attacks of their enemies they would seek other than their natural habitat. 
Therefore if the}'' lived and died in deep water, after death it is only natural to 
suppose that their carcasses would sink to the bottom and become buried beneath 
the accumulating sands and clays with the different bones of the skeleton still in 
their proper positions relative to one another. For among the strictly aquatic 
forms (crocodiles, etc.) that lived contemporaneously with them there are none 
sufficiently large and powerful to disai'ticulate the skeletons of these gigantic 
dino.saurs. Since in most instances the skeletons of these dinosaurs are found in 
even more disarranged and dismembered conditions than were the two described in 
the present paper it seems far more probable that, as a rule, they have met death in 
or adjacent to shallow waters, or on land where their carcasses were accessible to 
the terrestrial carnivorous Dinosauria, to the ravages of which the dismemberment 
of the skeletons is partially due, as is sometimes evidenced by the tooth marks still 
preserved on the bones: silent but unmistakable evidences of those prehistoric 
feasts. 

Fourth : The character of the enclosing matrix furnishes important evidence as to 
the nature of the habitats of those animals whose remains it contains, especially if 
considered in connection with the character of the surrounding and overlying, sedi¬ 
mentary rocks. If as is the case at the quarries near Canyon City, Colorado, the 
bones are found imbedded in lenticular masses of coarse sandstone showing cross¬ 
bedding it is evident that such deposits were laid down in comparatively shallow 
waters. Furthermore, if as is the case throughout the Jurassic generally, wherever 
important deposits of dinosaur remains have been found, massive, coarse, or finely 
bedded sandstones with or without frequent examples of cross-bedding are found 
replacing the finer, more evenly bedded clays and shales both vertically and later¬ 
ally even at moderately frequent intervals, it is evident that such beds were not 
deposited in deep and quite waters; that the immediate region, which by every 
reasonable presumption should be considered the habitat of the dinosaurs, presented 
the appearance not of a great sea or lake, but rather of a flat and open country 
where streams were constantly shifting their courses and the smaller lakes and 
bayous, though confined within more fixed limits than the streams were not entirely 
stable. That the country was flat and open rather than mountainous is shown by 
the absence for the most part, of coarse conglomerates. 
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Conchisiort-s as to the Habits of the Sauropoda. 

In discussing the probable habits of Dip>lodocus in his memoir on that genus, the 
present author remarked : “I am inclined toward the opinion that Dlplodocus was 
essentially an aquatic animal, but quite capable of locomotion on land.” I would 
now after a more thorough study of the osteological characters of several Sauropod 
genera in connection with more extended geological observations since conducted 
and bearing upon the probable pliysiographic features, during Jurassic times, of the 
regions in which Sauropod remains have been found in more or less abundance, 
amend this statement of my opinion as follows, making it applicable to the Sauro- 
poda generally. 

I belie\'e; That the Sauropioda were esseiitiallp terrestrial reptiles irith ampjhihmas 
habits, passhu) much, perhaps most, of their time hi shallow waters tvhere they mere able 
to wade about hi search of food. That their natural and normal mode of proyressum 
was ambulatory, as is abundantly evidenced by the structure of their feet and limbs, but 
that they were quite cripable of sivhnminy when through choice or necessity they essayed 
the deeper waters of the larges- Icdces and streams, to which they must frequently have 
been driven to resort for protection from their natural enemies, the contemporaneous 
carnivorous Theropoda with habits probably still less aquatic than were those of the 
Sauropoda. 

Origin of the Atlantosaurus Beds. 

I have elsewhere (An. Car. Mus., Vol. I., pp. 327-341) described in some detail 
the geology of the country in the immediate region of the dinosaur quarries near 
Canyon City, Colorado. It may be of interest in this connection however to 
describe in greater detail some of the more important quarries of this region, ren¬ 
dered classic by the researches of the late Professors O. C. IMarsh and E. D. Cope, 
and to describe the character of the various strata which in this region constitute 
that series of sandstones, limestones, shales and marls which together make up the 
450 feet of supposedly Jurassic deposits lying between the “Red Beds” below and 
the Dakota sandstones above. Dr. C. A. White in his article entitled : Fresh- 
Weder Invertebredes of the North American Jurassic published as Bulletin 29 of the 
United States Geological Survey on pages eleven and twelve speaks as follows of 
these deposits: “The character of the strata in which the fresh-water Jurassic 
fossils were found, both at the Colorado and the Wyoming localities, in addition to 
the character of the fossils themselves, is such as to indicate for them a lacustrine 
and not an estuary or a fluviatile, origin ; that is the rocks are regularly stratified 
and have such an aspect and character as to indicate that they were deposited in 
one or more large bodies of water. If the strata of the Colorado and of the Wyom- 
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ing localities really contain an identical fauna, it may be regarded as at least prob¬ 
able that they were deposited in one and the same lake. The distance between the 
Colorado and the Wyoming localities indicates that the supposed lake was nearly 
200 miles across ; and, if the Black Hills fossils also belonged to the same contem¬ 
poraneous fauna, the assumed lake was much larger. The existence of a fresh-water 
lake of even the smaller size suggested makes it necessary to infer that there was 
then in that part of the North America of to-day a continental area of considerable 
size, for such a lake could hardly be other than a part of a large drainage system. 

“ But aside from these considerations, the existence of such fresh-water faunas as 
are represented by these collections whether in large or in small bodies of water, 
indicates with hardly less clearness than the proved existence of one great lake 
would do the synchronous existence of a large continental area. Indeed it seems 
necessary to assume that in the fresh waters of a large land area alone, could faunas 
of such a character as those which are represented by these collections be developed 
and perpetuated.” I can fully agree with Dr. White as to the necessity of assuming 
the existence in -Jurassic times of a continental land-mass of the dimensions inti¬ 
mated in his paper. But it does not seem to me at all necessary to presuppose the 
existence of a Jurassic lake of even the smaller or more moderate dimensions 
assigned by him. While I do not wish to be understood as denying the possibility 
of the existence of a great lake in Jurassic times extending as Dr. White has sug¬ 
gested from the Arkansas River in Colorado to the Black Hills of South Dakota, it 
does appear to me that our present knowledge of the character of the faunas, both 
terrestrial and aquatic (fresh-water) as Avell as of the lithogic and stratigraphic 
features exhibited by the beds themselves is decidedly against such a presumption. 
If I properly understand Dr. White he finds nothing in the character of the aquatic 
mollusca to preclude the possibility of their having lived and developed in smaller 
lakes. After a personal examination of the localities at Green River, Utah, at Grand 
River in western Colorado, Canyon City and Morrison in' eastern Colorado, Como 
and Sheep Creek in southern Wyoming, at the Spanish Mines in eastern Wyoming, 
along the Big Horn Mountains in central ^Vyoming, about the Black Hills in South 
Dakota and in the country near Billings in southern Montana, in all of which 
localities the Aflantosauriis beds are exposed and exhibit in more or less abundance, 
the remains of those dinosaurs which are characteristic of them, I am coiiAdnced 
that neither the character of the vertebrate fauna nor the facts of stratigraphy at 
any one of these places can be taken as affording anything like conclusive eiddence 
of the presence of a great body of water. At several of these localities, howeA^er, the 
occurrence at intervals of sandstones showing frequent examples of cross-bedding. 
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ripple marks and even occasionally exhibiting footprints is conclusive proof that 
such sandstones had not thei)’ oi-igin in the midst of a great lake, while the presence 
almost everywhere of the remains of terrestrial reptiles and less frequently of 
mammals tells only too plainh^ of an adjacent land-mass. In all this region I know 
of no locality where any considei’ahle extent of the Atlantosaurus beds occurs, in 
which remains of quadrupedal, terrestrial dinosaurs have not been found. To my 
mind, this fact alone affords very strong presuin]>tive evidence that in Jurassic times 


Fig. 23. Photograph ol‘ footprint in Jurassic sandstone, near Canyon City, Colorado. 

this entire region was the habitat of these dinosaurs, which it could not have been 
had it been covered l)y a great lake, for the structure of their limbs shows con¬ 
clusively that the Dinosauria were not aquatic. Nor can I conceive of the possi¬ 
bility of the carcasses of terrestrial animals being carried out into the midst of so 
great a lake as that presupposed above and left in such abundance as the numbers 
of their bones in these deposits would indicate. An hypothesis, which it appears to 
me is far more reasonable and more nearh^ in accordance with the facts as we now 
know them, is to consider this I'egion as presenting in late Jurassic and early Greta- 
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ceoiis times the appearance of a low and comparatively level plain, with numerous 
lakes, both large and small, connected by an interlacing system of river channels. 
The whole, when covered over with luxuriant forests and broad savannas, made 
possible by the supposedly tropical climate of those times, would form an ideal 
habitat not alone for the large Dinosauria, but for the smaller reptiles and diminu¬ 
tive mammals of those days and for the fishes, mollusca and other aquatic life as well. 

In Figs. 23 and 24 respective!}^, are reproductions of photographs of a footprint 
from the dinosaur beds near Canyon City, Colorado, and ripple marks from the 
same deposits along the base of the Big Horn Mountains in Wyoming. 


Fig. 24. Photograph of ripple marks on surface of Jurassic sandstone, Big Horn Mountains, Wyoming. 


In Fig. 25 there is given the reproduction of a photograph by Dr. E. H. Barbour 
of the locality near Canyon City, Colorado, where were located the quarries so long 
worked by Professors Mareh and Cope. The dark area in the middle foreground 
just back of the tent is the quarry so long and successfully worked by Professor 
Marsh and recently worked with equal success by Mr. Utterback for the Carnegie 
Museum. At A directly across the canon and on about the same horizon was 
located another quarry also worked with some success by IMarsh. At B a little 
above and on the same side of the small canon, but in a slightly different horizon. 
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in a layer of arenaceous shales there occurs a bed of Unios from which were obtained 
most of the species described by Dr. C. A. White as coming from this locality, while 
the shales underlying the thick stratum of sandstone seen at the top of the escarp¬ 
ment forming the cailon Avail just to the left and in front of the tent contains 
numerous small lenses of impure limestone filled with the silicified remains of 
fresh-water gasterojAods and the stems and seeds of small aquatic plants apparently 
pertaining to some species of Ohara. These limestone lenses are especially abund¬ 
ant and quite fossiliferous at the locality marked C in the photograph and at a point 
on the same horizon of this talus-co\'ered slope a few rods in front of the extreme 
foreground of the photograph and therefore not shown in the picture. The line of 
trees just aboA^e and in front of the INIarsh quarry marks the crest of the narroAV 
ridge that at this point separates the dry canon in the middle of the picture from 



Fig. 25. View of AUantosaurus beds at entrance to Garden Park, eight miles noi theast of Canyon City, 
Colorado. From a photograph by Dr. E. H. Barbour. 


Oil Creek on the extreme left. At this point this ridge is about 100 yards in Avidth 
from the brink of the cliff overlooking the bed of the creek and that of the dry 
canon. In the wall facing Oil Creek at the same horizon at Avhich the bones occur 
in such abundance at the adjacent quarry, dinosaur bones may be seen imbedded in 
similar sandstones, showing tliat the bone-bearing horizon extends quite through 
the ridge. From the great abundance in Avhich the bones Avere found up to the 
limits of the quarry as last Avorked and as shoAVii in the accompanying diagrams, it 
is only reasonable to suppose that many rare tresxsures aAvait the explorer Avho has 
the courage and funds necessary to remove the 15 to 40 feet of sandstones and shales 
beneath Avhich they now lie buried. 

The isolated butte known as “Cottage Rock ” seen at the head of the dry canon 
in the middle background is capped Avith some fifty to one hundred feet of light- 
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colored, iiiassiA'e sandstones generally referred to as Dakota, although neither here 
nor elsewhere in this region in so for as I am aware, are these samlstones clearly 
distinguishable from the Jui’assic. Cottage Rock is situated about three quarters of 
a mile north of the Marsh quarry and the top of the uppermost shales in this butte 
which are clearly recognizable as pertaining to the Athmtosaunis beds is estimated 
to be from 300 to 350 feet above the bone-bearing horizon at the IMarsh quarry. 

The isolated conical butte shown in Fig. 26, and locally known as the “ Nipple ’ 
is situated some 300 yards back and a little to the right of “ Cottage Rock.” It 


Fig. 26. The ‘^Nipple” from the north, showing in the foreground the trench cut by Professor Cope 
in collecting Dinosaur remains. 

stands on the edge of the escarpment overlooking the valley of “Garden Park” 
through which flows Oil Creek. This Tepee butte is composed almost entirely of 
shales pertaining to the uppermost Atkmtosaurus beds. It is capped with a mere 
remnant of a former sandstone ledge belonging either to the top of the Atkmtosaurus 
beds or the base of the Dakota. About the base and over the slopes of this butte 
fragmentary dinosaurian remains occur in considerable abundance and the locality 
was worked to a considerable extent by Professor Cope. One of his abandoned 
trenches may be seen on the left at the foot of the butte in the photograph. 
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Another quarry long worked by Professor Cope is shown in Fig. 27. This 
quarry is situated about 500 yards west of the “ Nipple” and the dinosaur bones, 
belonging for the most part to Camarasaurus, were found imbedded in a thick 
stratum of chocolate-colored sluales immediately beneath the light-colored, heavily 
bedded, jointed sandstones seen at the summit in the figure and provisionally 



Fig. 27. Eastern entrance to Cope quarry. Light-colored Dakota sandstone at top underlaid by 
chocolate-colored shales with remains of Camarasaurus. 

referred to the Dakota. Between this quarry and the “Nipple” there lies a com- 
paratiA'ely level plain some 500 yards in width covered oA^er Avith a growth of 
juniper, piiion and other bushes characteristic of this region as shown in Fig. 28. 

That quarry in this region which was perhaps Avorked Avith most success by Pr(A- 
fessor Cope or men in his employ Avas situated about one mile north of that last 
mentioned and at the same horizon, in chocolate-colored shales lying just beneath 
the supposed Dakota sandstones. This last quarry 1 liaA'e neA^er Ausited, but Mr. 
Lucas, Avho aatxs Professor Cope’s principal collector in this region, accompanied i\lr. 
Utterback to the quarry and explained to him Iioaa' the bones Averc found. Accord¬ 
ing to ]\Ir. Lucas the more complete of the tAVO skeletons of Camarasaurus supremus 
Avliich ai‘e noAv known to have been treated as one skeleton in Cope’s descriptions of 
the species, Avas found at this last locality. The location of this quarry is about one 
mile north of tlie • Nipple ” and on the edge of the escarpment facing Garden Park. 

The above are the most im])ort{int localities that have been Avorked for fossils in 
this region although dinosaur remains have been found here at many other places 
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but in no considerable abundance. It will be noticed from the above remarks 
regarding the location of the several quarries worked in this region by Professors 
Marsh and Cope, that the quarries operated by Marsh were in a distinctly lower 
horizon than those from which Cope secured his material. While Professor Cope’s 
material all came from near the summit of the Aflanfosaurus beds, that of Professor 
INIarsh was derived from the lower members of those beds, certainly not more than 
100 to 150 feet above the Red Sandstones. This difference in horizon, which can 
be represented by scarcely less than 300 to 350 feet of sandstones and shales, must 
of necessity represent an enormous time interval, much greater perhaps than is 
ordinarily represented by sedimentary deposits of an equal thickness, for from the 



Fig. 28. View from near Cope quarry with the ‘^ISTipple” in the middle foreground and Cooper 
Mountain in the distance. Garden Park lies in a depression about 600 feet below the Nipple between 
the crest of the hlufiP, indicated by the line of trees on either side of the Nipple/’ and Cooper Mountain. 

manner in which the sandstones and shales replace one another both laterally and 
vertically, and from the frequent examples of cross-bedding and ripple-marked sur¬ 
faces exhibited by the sandstones it is evident that the region was not one of con¬ 
tinuous and universal deposition, but that degradation and aggradation were in 
simultaneous operation and that while on the whole the latter agenc}'' predominated 
there may have been and doubtless Avere considerable intervals during AA'hich erosive 
agencies were the more efficient of the two. As should be expected the enormous 
time interval which elapsed between the deposition of the sandstones of the Marsh 
quarry and the shales of the Cope quarries, some 350 feet higher, was sufficient to 
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accomplish considerable changes in the dinosaurian fauna of this region, and these 
changes are readily apparent in the faunas from these two horizons, though for 
obvious reasons the present paper is not the place in which to discuss them. They 
will no doubt be fully recognized and discussed by Professor H. F. Osborn in his 
Monograph on the Sauropoda now in course of preparation for the United States 
Geological Surve}'. 

Synonymu of the Atlantosaurvs Beds. 

Although these beds were first recognized, naincd and adecjuately described both 
lithologically and faunally, by Professor iMareh they have received several different 
appellations by subsequent authors. Scott has called them the Como-heds; by (Toss 
they were referred to as the Morrisoit beds; -Jenney named them the Beulah Shales 
and this name was used by Darton. Considering the usual similarity of the faunal 
and lithologic features of these beds wherever the.y are known to exist and the ease 
with Avhich the}' may be recognized even at different and widely separated locali¬ 
ties, it would seem somewhat unfortunate that they have received so many names. 

Since Marsh’s term the Afkmtosaimis bed.^ has priority, and has become well 
known through long and general usage there would seem no gocxl reason why it 
should not be retained. Even should the reptilian genus Athnitusuurus, as contended 
by some but which has j^et to be demonstrated, prove to l)c a synonym and have to 
be abandoned, this would not invalidate the name of the formation. It would be 
quite as reasonable to maintain that since Fort Union on the Missouri River from 
which the Fort Union beds took their name, is no longer in existence that this great 
formation should receive a new name. MTiile the present writer is entirely in hivor 
of basing all new formation names on geographic names taken from the localities 
whei'e such formations are fimt studied or are best represented, it does not appear 
desirable to make this rule retrogressive. Such retrogressive application of this 
rule would not only work an injustice to many pioneers in American geology, but 
what is of even greater importance, it would result in augmenting still further that 
confusion which already exists in our geologic formation names. Surely from that 
standpoint alone there is sufficient reason for deprecating any attempt to duplicate 
such names. Nor does the plea advanced by some who have been most active in 
giving new names to old and well known formations, that it is easier to give a ne^v 
name than to turn bibliographer and trace out the synonymy and priority of the 
names already given by others, give promise (jf being justified by the results which 
are sure to follow such a course. To the present writer it would appear much the 
better plan to accept formation names for formations already known, as we find them 
having due respect for priority and general usage; to adopt as a general rule for our 
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guidance in the conferring of new names on new formations the theory that each 
such name should be derived from the name of some, locality at which the formatiun 
is well displayed and may be easily recognized and studied. It might also be well 
to remember in this connection that we are no more competent to legislate for 
future generations than were our forefathei’s. 

Age of the Atlantoscmrus Beds. 

There has been considerable difference of opinion regarding the age of the Atlan¬ 
toscmrus Beds. some the^^ have been regarded as of Lower Cretaceous age and by 
others as Upper Jurassic. When first discovered, these beds were referred by Pro¬ 
fessor Marsh to the Cretaceous (see American Journcd of Science, July, 1877, pp. 87- 
88). In December of this same j'ear Professor Marsh referred these same deposits 
to the Upper .Jurassic and in a note describing a new fish, Cercdodus gihitheri, from 
these deposits, published in the January number of the American Journal of Sci¬ 
ence for 1878 he named them the Atlantoscmrus heels. He ever after consistently 
maintained their Upper .Jurassic age. Cope and Hayden on the other hand referred 
these beds, more especially as developed at Canyon City, Colorado, and at Morrison 
to the Dakota, now generally recognized as pertaining to the lowermost member of 
the Upper Cretaceous. The following paragraph from page 234 of the Proceedings 
of the American Philosophical Society was written by Professor Cope and it i-s sig¬ 
nificant in this connection. It is as follows: ‘‘Dr. Hayden visited the locality of 
Mr. Lucas’ excavations (near Canyon City) and informs me that the formation from 
which the Camarasaurus was obtained is the Dakota. Professor Marsh has at¬ 
tempted to identify what is, according to Professor Mudge, the same horizon, one 
hundred miles north of Canyon City with the Wealden of England. Specimens 
from the northern locality which I have examined render it certain that the horizon 
is that of INIr. Lucas’ excavations. Of this I may say that there is no paleontolog¬ 
ical evidence of its identity with the Wealden. The resemlilance of the ■wrtebrate 
fossils to those of the English Oolite is much greater, but not sufficient as yet for 
identification.” Ten yearn later however [American Naturalist, May, 1887, pp. 446- 
447) Cope placed these beds in the Jurassic to which they had been previousty 
referred by both ]Marsh and King and which, from the paragraph quoted above, 
would seem to have been the only course open to him. Indeed there is little doubt 
that when Cope firet referred these beds to the Dakota he did so entirely upon the 
determinations of Dr. Hayden and regardless of the paleontological evidences 
afforded b}’’ the fauna they contained, which, such as it ^vas, as is sliown by the quo¬ 
tation above, he regarded as pointing to a decidedly greater antiquity even than the 
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Wealden, with whicli Marsh had been in favor of correlating them and wliich was 
at that time very generally regarded as of Upper Jurassic age though at present 
considered by most geologists as representing the lowermost member of the Creta¬ 
ceous. 

Professor Lester F. Ward, on page 377 of Part 11. of the Twentieth Annual 
Report of the United States Geological Survey, in commencing his treatise on the 
.Jurassic cycads dismisses the age of these beds as developed in Wyoming with the 
remai’k that there is no doubt as to their being Jurassic, and on page 384 he says 
of tlie cycads from the Freeze Out Hills locality that “in some respects they resem¬ 
ble the specimens from the Purbeck beds of the Isle of Portland.” 

Profes.sor Wilber C. Knight'® has remarked as follows concerning the age of the 
Atlaiitasminix {(Aiiio) beds. “There can be no mistake in assigning the Como stage 
to the Upper .Jurassic, but it seems quite possible that it is more closely allied to the 
Purbeckian than to the Oxfordian.” 

Darton" is not very clear as to just what age he wishes to refer these beds. In 
his diagram at the top of page 387 of the paper ju.st cited he refers them to the 
“ Lower Cretaceous (or .Jurassic)?” and immediately after on the same page in his 
table of tlie thickness of formations, and again on page 393 in descrilnng the charac¬ 
ter and distribution of the Atlantosmorus beds (Beubth Shales) he refers tliem to the 
Jurassic without a query. It would seem therefore tliat he also favored their 
Jurassic age. 

Osborn has I think consistently maintained the Jurassic age of these deposits. 
On tlie other hand Scott and Williston have been in favor of placing them in the 
Lower Ci’etaceous. 

As already noticed Dr. C. A. White has regarded these beds as of Jurassic age 
though apparently relying entirely upon the evidence afforded by the vertebrates 
and remarking that the fresh-water invertebrates of the same beds are so modern in 
type as of themselves to offer no suggestion of a greater age than Tertiary. And 
again he adds; “Indeed so modern is the facies . . . that one is surprised to find 
only a single type among them which is not common among American living fresh¬ 
water species.” 

In discussing the age of any geological horizon which is fossiliferous two classes of 
evidence are of especial importance. First in importance is its stratigraphic position 
and seaond the nature of its included fossils, vertebi'ates, invertebrates and plants. 
The relative value of the diflerent classes of fossils for purposes of correlation vary 

Geol. Soc. Am., Vol. II, p. 387. 

" Hull. Geol. Soc. Am., Vol. 10, pp. 387, 393. 
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according as the beds in question are of marine or fresh-water origin. While marine 
invertebrates and most terrestrial and aquatic vertebrates are as a rule safe guides 
for purposes of correlation and second only in value to direct stratigraphic evidence, 
fresh-water invertebrates, plants and certain vertebrates as for instance turtles, croco¬ 
diles and some fishes are as a rule much less reliable guides. 

Stratigraphic Pos-ition of the Atlantosaurus Beds. —As original!}^ applied the term 
Atlantosaurus beds refers to that series of sandstones and shales, some 450 feet in 
thickness and containing the remains of dinosaure, small mammals, etc., 13 'ing 
between the red Triassic? sandstones below and the Dakota sandstones above on 
either side of the canon of Four Mile (4reek (Oil Creek) near Canyon Cit}^ Colorado. 
The dinosaur remains upon which Professor Marsh relied for the determination of 
the age of these deposits at this locality all came from the lowermost 150 feet of the 
series and it ma}^ therefore eventually prove advisalde to limit the use of the term 
to the lower one third of the series. Farther north in Wyoming and about the 
Black Hills in South Dakota similar dinosaur beds are separated from the Red Beds 
by a series of marine shales and limestones named by Marsh the BapAanodon he<h. 
These latter beds are rich in tlie remains of marine vertelirates and invertebrates 
and are universally regarded as of Middle or Upper Jurassic age, while the over- 
lying dinosaur beds have as univereall}^ been referred to the Atlantosaimis beds 
usuall}' considered, as noted above, as of Upper Jurassic age. The marine Baptan- 
odon beds throughout Wjmming and South Dakota are everywhere found accom¬ 
panying and underlying the fresh-water Atlantosaurus beds though thinning out 
toward the south and entirely disappearing as we approach the AVyoming and Colo¬ 
rado state line. As already noticed they are entirely absent in the locality near 
Can^mn City, Colorado, the Atlantosaurus beds there resting directlj^ upon the Bed 
beds and with at least apparent conformit}". Nor does there appear to be an}’ mate¬ 
rial break in the conditions of sedimentation in this region from the base of the 
Atlantosaurus beds to the summit of tlie Dakota. If this be true it would appear 
that at Canyon City the lower membei’s of the Atlantosaurus beds, those worked by 
Marsh and by Air. Utterback, are the fresh-water equivalents of the marine Baptan- 
odon beds farther north, while the upper beds or those worked by Cope would 
become the equivalents of the Atlantosaimis beds at jMorrison, Colorado, and at 
various localities in Wyoming and South Dakota. Such evidences of stratigraphy 
as there are prove conclusively that the Atlantosaurus beds at Canyon City overlie 
the Triassic and underlie the Dakota and that they are intermediate in age between 
the two and are therefore of either Jurassic or Lower Cretaceous age or that they 
represent, either wholly or in part, both those horizons. The latter seems to me the 
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more reasonable conclusion when considered from the standpoint of stratigraphy 
alone. 

Evidences as to Age Afforded, by the Fauna and. Flora. —As already noticed Profes¬ 
sor Ward has regarded the C 3 ?cads from the Atlantosaurus beds of the Freeze Out 
Hills, W^^oming, locality as indicative of a Jurassic age. 

Invertebrate paleontologists have I think been unanimous in referring tire marine 
Baptanodon beds to the Middle and Upper Jura. They have it appears been most 
frequently correlated with the Oxfordian or lower member of the Middle Oolite. 
By some however tliey have I)een placed in the Lower Oolite. Since, as has been 
shown above, there is not a little evidence in favor of considering the lowermost 
150 feet of the Atlantosaurus beds at Can 3 ^on City as the equivalents of these marine 
l)eds in the north the age of the latter, as determined b 3 ^ its marine invertebrates, 
ma 3 ^ be taken as having a certain bearing on that of the former series. The verte¬ 
brates of these marine beds appear to point to a somewhat greater antiquity than 
the invertebrates, for Baptanodon, the most abundant and best known form, has its 
nearest all 3 ^ in the Liassic Ophthalmosauras of Europe, and Mr. C. W. Gilmore, who 
is engaged in a thorough and exhaustive stud 3 '' of the American forms, has recently 
shown that the American form was not edentulous as had been supposed and that 
it is scarcely distinguishable, at least genericall 3 ^, from the European Liassic genus 
Ophthalmosaarus. 

Turning now to the fauna of the Atlantosaiinis beds, it is readil 3 ^ apparent that 
the dinosaurs offer the best, indeed almost the only reliable paleontological evidence 
as to their age. Wc have already called attention to the fact that Cope regarded 
the dinosaurs of the uppermost of these beds as being most like those of the English 
Oolite and we haAm shown that Haplocanthosaurxbs from the lower half of the series 
resembles most closel 3 ^ Cetiosaaras from the Great Oolite near Oxford. 

Marsh was Avont to correlate the Atlantosaurus beds Avith the Wealden Avhich he 
regarded as of Upper Jurassic age. On just Avhat evidence he relied for this corre¬ 
lation is not quite clear. Nor does a comparison of the dinosaurian faunas of these 
tAVO horizons seem to me to Avarrant such correlation. While from the fragmentary 
nature of much of the material upon AAdiich the different genera and species are 
based it is clearly impossible to make satisfactory comparisons in many instances 
betAveen the more closely related genera and species of American and European 
dinosaurs, nevertheless AAdien comparisons of the faunas as a Avhole are instituted 
betAveen the various American and European horizons most striking and important 
resemblances and dissimilarities are at once apparent. Thus Avhile in the Atlanto¬ 
saurus beds the Sauropoda are the predominant forms both as regards size and the 
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number of genera, species and individuals in the Wealden they are almost entirely 
replaced by the Predentata and Theropoda. And the Iguanodontia so abundant in 
the latter formation are quite unknown in the former. The same dissimilarity 
though in a less striking degree is noticeable when the fauna of the Furheck is com¬ 
pared 'with that of the Atlantosaurm beds, and it is not until we get down into the 
middle of the Oolite that we find a dinosaurian fuana comparable even with that of 
the upper and middle Atlantosaurm beds. 

In consideration of the evidences mentioned above it appears to the present 
writer that the dinosaurian fauna of the Atlantosaurm beds, as we now know it is 
unmistakably Jurassic in type, but that these beds may in their uppermost mem¬ 
bers represent a portion at least of the lower Cretaceous. 

Carnecue Museum, April 15, 1903. 


ADDITIONAL REMARKS ON DIPLODOCUS. 

By J. B. Hatcher. 

Since publishing my memoir' on the osteology of Diplodocas additional discov¬ 
eries have thrown more light on the structure of these strange reptiles. It thus 
becomes necessary to make certain alterations in the description and restoration then 
given, especially relating to the structure of the fore limbs and feet. As stated in 
the text of my memoii’ there were at that time in the collections of this museum 
no representatives of the fore limbs or feet of Diplodocus and the brief descriptions 
of those elements there given was based entirely upon the published descriptions by 
Professor Osborn and upon photographs of the limbs kindly loaned by him. For¬ 
tunate discoveries of the fore limbs and feet of Brontosaurus (No. 563) by Mr. C. 
W. Gilmore and of the greater portion of a skeleton of Diplodocus (No. 662) by 
Mr. W. H. Utterback have demonstrated two important errors in my previous paper. 
These are: 

First. —The radial articulation at the distal end of the humerus is on the in¬ 
ternal side and anterior to the internal portion of the ulnar articulation instead of 
being external and anterior to the latter as stated in my memoir. When in position 
the proximal end of the ulna entirely enclosed that of the radius posteriorly and 

^Memoirs Carnegie Museum^ Vol. I., No. 1, pp. 1-63, PI. 1-13. 
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externally, as shown in Fig. 1, and its articular surface is opposed to that of the 
distal end of the humerus posteriorly throughout its entire breadth and presents a 
broad and deep anterior projection enclosing the radius externally and articulating 
with the anterior and external surface of the distal end of the humerus. 




Fig. 1. 




Fig. 3. 


Fig. 1. a, front view of radius and ulna of Diplodocus (No, 662). 6, proximal end of same. Both 

figures are one tenth natural size and show bones as seen when in position. 

Fig. 2. a, front view of supposed clavicle of Diplodocus. 6, internal view of same (No. 662), one 
tenth natural size. 


The contact of the radius with the humerus is thus limited to the antero-internal 
surface instead of the antero-external as erroneously shown in my original restora¬ 
tion of the skeleton. Tlie radius and ulna do not cross each other so completely as 
supposed h}^ Osborn and Granger, but occupied the position relative to one another 
shown in Fig. 1. 

Second. — The structure of the manus was entaxonic instead of mesaxonic as 
erroneously represented in my original restoration where, as stated in the text, I 
followed Osborn, having at that time no material upon which to base a restoration 
of those elements. The manus was doubtless somewhat more plantigrade than I at 
that time represented it. In the present restoration these errors in the structure of 
the fore limbs and manus have been corrected. The principal characters of the 
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latter are taken from the manus of Bruntosaurus, a detailed account of the structure 
of which was recently published by the writer." 

The Siqyposed Clavicles .—In my original description of Diplodocus carnegii I 
figured and described a peculiar bone which I then considered as a clavicle, though 
at the same time expressing some doubt as to its real nature. Fortunately we have 
found associated with another skeleton (No. 662) of DipAodocus a second and more 
complete clavicle? shown here in Fig. 2, a, h. The present specimen is somewhat 
incomplete at the bifid extremity, the smaller branch having been broken away, the 
opposite end is complete, somewhat expanded and spatulate as shown in the 
figures. Tlie spatulate portion has a length of 265 millimeters, a maximum breadth 
of 75 millimeters and an average thickness of about 24 millimeters. 

The entire length of the bone measuring along the arc of that portion of the 
circle which it describes is 620 millimeters. Between the expanded portion and the 
forked extremity the bone is irregularly elliptical or subcircular in cross-section. 

This bone is asymmetrical and is to all appearances a paired bone. In neither 
instance have we as yet secured its opposite, though this is still possible with that 
one now being considered, a considerable portion of the skeleton still remaining to 
be unearthed. Just at the point where the rounded shaft passes into the flattened, 
spatulate extremity there is on one side a shallow groove running obliquely across 
the surface of the bone. This groove has the appearance of having been formed by 
the overlapping edge of a coracoid or sternal. The flattened spatulate extremity pre¬ 
sents a slightly rugose, fibrous surface as though it had been imbedded in cartilagin¬ 
ous or muscular tissue, and this together with the bifid nature of the other extremity 
has suggested the possibility that the bone might be an os penis; in which case the 
bifid extremity would be the distal end and the flattened the proximal extremity. 
Against the probability of this assumption however, the marked asymmetry of the 
bone offers a potent argument and I am still strongly inclined to consider it a clavicle 
as which it might very readily have functioned. Although clavicles have not here¬ 
tofore been recognized in the Dinosauria there would seem no good reason for sup¬ 
posing that they were not present in some membei’s of that group. A clavicle of 
the size and form of the element under discussion, if attached to the anterior edge 
of the broadly expanded sternals, coracoid and prescapula, could not have failed in 
giving additional strength and rigidity to this portion of the skeleton. 

The Anterior Cervicals. — In my former paper, owing to the incomplete nature of 
cervicals 3, 4, 5, they were figured as without cervical ribs; later discoveries (No. 662) 
demonstrate that ribs were present on all these vertebrae and they are so shown in 

the accompanying restoration (Plate F). 

^See Science^ N. S,, Vol. XIV., pp. 1015-1047; and Annals Carnegie Museum^ Vol. I., pp. 356-376. 
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The cervical vertebra figured by Marsh and reproduced as text Fig. 24 in my 
memoir on Diplodocm^ although referred by Marsh to Diplodociis longiis, is now 
known to have pertained to a species of Brontosaiifm instead, and hence is of no 
value in distinguishing the different species of Dqdodocu^ as I then supposed. 


Plate I. 


Plate II. 


Plate III. 


Plate IV. 


Plate V. 


Plate VI. 


Presacral vertebne of type (Xo. 572) of Ihiplocauthosaurus one tenth nat¬ 

ural size. Series 1, as seen from right side; Series 2, as seen from in front; 
Series 3, as seen from behind. 014 and 015, cervicals 14 and 15 ; 1, first dor¬ 
sal ; 6—14, dorsals six to fourteen respectively ; postzygapopliysial lamina ; o/, 
oblique lamina ; A/, horizontal lamina; J/, diapophysial lamina; a:d^ prezygapo- 
physial lamina ; X, modified surface for muscular attachment of scapula ; t or tf\ 
tubercular rib facet; c or cf^ capitular rib facet, u/, inferior blade of diapophy¬ 
sial lamina in first dorsal and prespinal lamina in sixth dorsal. 

Vertebrae of type (Xo. 879) of Ilapdocanthosaurus ntterhacki^ one tenth natural 
size. Series 1 and 2, dorsals; 3 and 4, cervicals; 5, anterior caudals. 

Xineteen anterior caudal vertebrae of type (X^o. 572) of Ilaplocaatltosaurus 

one tenth natural size. Series 1, seen from right side ; 2, seen from in front: 3, 
from behind. 

1. Pelvis of Brontosaurus excelsus (Xo. 563); 2. Pelvis of Dlplodoms carnegli 
(Xo. 94); 3. Pelvis of Ilaplocanthosaurus priscus (Xo. 572). All one tenth 
natural size and seen from left side. //., ilium ; p. pubic peduncle : i. y>., ischial 
peduncle; g, c., acetabulum; pubis; Ischium ; anterior extremity; y>., 
posterior extremity; 1, 2, 3, 4, 5, sjnnes of first, second, third, fourth and fifth 
sacrals. 

1. Inferior view of sacrum of Haplocanthosaurus priscus with ilia attached (X^o. 
572). a, anterior end ; p^ posterior; yjy;, pubic peduncle : /.s, ischiac peduncle ; 
2)f\ foramen between ilium and parapophyses of first sacral. 

2. Anterior view of pelvis of same with ischia detached, pubic peduncle ; p^ 

pubis ; ps^ pubic symphysis ; pubic foramen. 

3. Posterior view of same, with pubis detached and anterior expanse of ilia not 
shown. Ischiac peduncle: is, ischium. All one tenth natural size. 

Restoration of Diplodocus carnegii Hatcher. 

From material in the collections of the Carnegie Museum, one thirtieth natural size. 


Plate I. 
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(No. 672.) 
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PUTE 1. 


SVDNry r»e?»TicT 


Prepacral Verti.du.k of Tvi'E of IIAPLACANTHOS.WRVS PRJBCrs. 1, SiOE view \ 2, Anterior >thw3, Po.-^terior view, y'j Nat. stJfK, (No. G72. > 
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Plate II. 



Sydney Prentice del. 

Yertebr.e OP' Type of HaplaCxUSITIIOSAURCS UTTERBACKII. i, 2, Dorsals; 3, 4, Cervicals ; 5, 

Caudals. Nat. size. (No. 879.) 
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Nineteen' Anterior Oaudals op Type of HapLACANTIK^SAURUS PRISCUS, 
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Plate iv. 
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I’ELVla oy fJIPlODOCVS; 3, l^Et.Vls ov U PI-ACAyTUOsACItUS. All »eKN FROM LEFT SIDE. ^ Nat. size. 


1 , Pelvis of BROKroBAVBIfS ; 2 , 
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Plate V. 



Sydney Prentice del. 


Pelvis of Type of Haplacanthosaurus FRISCUS. 1 , Inferioii vieav ; 2, Anterior view; 3, Posterior view. 

All yV ^at. size. (No. 572.) 
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PlJlTE VI 





























